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FOREWORD 


TuE first general meeting of the American Iron and Steel 
Institute was held in October, 1910. At this meeting more 
than thirty distinguished European producers of iron and 
steel were present. The opening sessions were held in New 
York City. Friday, October 14, was devoted to the reading 
of papers, closing with the banquet in the evening. On 
Saturday, October 15, a tour of New. York harbor was made. 
October 16 to 22 were devoted to an excursion to Buffalo, 
Chicago, Pittsburgh, and Washington, at all but the last of 
which places meetings were held and addresses made. The 
proceedings were published in book form. That volume 
might be called the first Year Book of the American Iron and 
Steel Institute. 

In the year 1911 the Institute held no general meetings. 

With 1912 was definitely adopted a policy of holding two 
general meetings of the Institute each year, the May meet- 
ing always in New York, the October meeting always at 
some steel-producing center outside of New York to be des- 
ignated by the Board of~-Ditectors. In 1912 the spring 
meeting was held in New York on Friday and Saturday, 
May 17 and 18; the fall meeting in Pittsburgh, on Friday and 
Saturday, October 25 and 26. The proceedings of these two — 
meetings were published in a volume called the Year Book of 
the American Iron and Steel Institute, 1912. 

The present volume contains the proceedings of the two 
general meetings held in 1913, the spring meeting in New 
York on Friday and Saturday, May 23 and 24, and the fall 
meeting in Chicago, on Friday and Saturday, October 24 
and 25. 

Mr. Howard H. Cook, Assistant Secretary of the Insti- 
tute, rendered material aid in the compilation of this volume, 
especially through skillful and painstaking assistance in 


reading the proofs. 
: JAMES T. McCueary, 


Secretary. 
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AMERICAN IRON AND STEEL 
INSTITUTE 


FOURTH GENERAL MEETING 


New York, May 23 anp 24, 1913 


The Fourth General Meeting of the American Iron and 
‘Steel Institute was held in New York on Friday and Satur- 
day, May 23 and 24, 1913. 

On Friday there were three sessions, all held at the 
Waldorf-Astoria Hotel. The forenoon and afternoon ses- 
sions, devoted entirely to the reading and discussion of 
papers, were held in the Astor Gallery. The evening 
session, including the banquet, was held in the Grand Ball 
Room. As usual, the papers covered questions of a tech- 
nical character, questions of business and questions of wel- 
fare work. 

On Friday the Secretary had a temporary office near the 
Astor Gallery. Here members registered for the meeting 
and were provided with badges and programs. 

The paper of Mr. Freyn on The Gas Engine and that of 
Mr. Meissner on The Modern By-Product Coke Oven had 
been printed in advance in pamphlet form. The former 
was distributed at the opening of the forenoon session and 
the latter at the opening of the afternoon session. The 
members were thus able to get the most vital parts of these 
papers without the papers being read in full. 

At the noon recess, Friday, the members of the Institute 
were its guests at a buffet lunch and in the evening at a 
banquet. 

Saturday was devoted to visiting places of interest in and 
around New York ‘There was no prearranged program, 
the members making inspections individually or in groups, 
according to their pleasure. 

About forty per cent of the membership of the Institute 
attended this meeting. As the membership of the Institute 
covers the United States and Canada, this percentage of 
attendance was very large and gratifying. 

On the next page will be found the program of the meet- 
ing. Judge Gary, President of the Institute, presided at 
all the sessions. 
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ADDRESS OF THE PRESIDENT. 


Gentlemen, the presence of this very large assembly of 
leading men from the greatest industry of this country is 
an inspiration. In times like these to have not only for 
acquaintance but for real friends such men as you, seems 
to me is worth living for. The loyalty you have shown for 
the Institute and for those who are striving to care for its 
interests and push them forward has been marked, and I 
assure you is very much appreciated. 

I am glad to welcome you here today. I am pleased to 
see here, first of all, my old-time friends; for, short as is the 
time which I have been connected with this industry, still 
time is passing rapidly, and I have been long enough in the 
ranks of the working men in this line of activity to have 
formed acquaintances who are now from my viewpoint old 
and steadfast friends on whom I can always rely for co- 
operation in doing everything that is calculated to promote 
the best interests of all who are in any way connected with 
our work. Also, I know there are present a good many with 
whom I have not been so long acquainted but who are so 
closely identified with the work and who have for a number 
of years taken such an active interest in our affairs that we 
may consider them as standbys, as men who have developed 
into strong, active working people in the ranks of this great 
army. of laboring people. 

And then perhaps I may be justified in emphasizing the 
fact that, while some of those who are older in years feel 
themselves somewhat strangers to many of the younger 
generation, all must realize that the young men of this indus- 
try are rapidly coming into the places which so many of us 
will soon leave vacant. I think I may assume the responsi- 
bility of expressing the opinion of all of the older men in the 
different concerns which are interested in the steel industry 
when I say that we take great pride in these young men and 
in their achievements. And we are very much surprised at 
times when we come in contact with them and hear their 
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expressions concerning the work they are carrying on; and 
yet, perhaps, it is no more than should be expected, for these 
younger men by education in universities or by practical 
education which they have secured in the mills and at the 
works generally are perhaps better qualified to make greater 
successes than have ever before been made. And so I say 
we are proud of these men. And more than that, we are 
very grateful that they are willing to devote the time and 
attention to prepare themselves to come to this meeting and 
give us the benefit of their ideas and opinions. 


MEMORANDUM PREPARED BY THE SECRETARY. 


With your permission, I will read to you a memorandum 
prepared for me by the secretary of the Institute: 


Since the Institute assembled in this room a year ago, 
the membership has more than doubled, increasing from 
435 to 872. ; 

A year ago Mr. James M. Swank, for forty years the 
Secretary of the American Iron and Steel Association, 
resigned, to take effect on December 31, 1912. With 
the retirement of Mr. Swank the Association went out of 
existence. Immediately thereafter, on January 1, 1913, 
its work was taken over by the American Iron and Steel 
Institute. The offices of the Association in Philadelphia 
were retained for the time being, and all of Mr. Swank’s 
statistical staff was continued in service. The Philadel- 
phia office has gotten out this year four special statistical 
bulletins, covering respectively the production in the United 
States during 1912 of all kinds of pig iron, all kinds of rails, 
pig iron production by grades, and production of iron and 
steel structural shapes, wire rods, and cut and wire nails. 
The annual statistical report is approaching completion, 
and a new directory of iron and steel works is under way. 

The New York office began in January last the publi- 
cation of a monthly bulletin which has attracted attention 
in this country and in Europe. Its circulation averages 
7,500 each month, running sometimes as high as 9,000. 
The bulletin serves as a medium of communication between 
the Institute and its members, and gives to a large number 
of outside readers information as to the work of the Institute. 

Karly this year the Institute published its Yearbook 
for 1912, giving the proceedings of the two general meetings 
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of the Institute held last year. At the close of this meeting 
its proceedings will be sent out to members in pamphlet 
form, and after the October meeting the Yearbook for 
1913 will be issued giving the proceedings of both of the 
meetings held this year. 

On January 3,.1913, the Directors of the Institute 
adopted as the Universal Danger Sign the red disk that had 
for some time been used as such by the United States Steel 
Corporation and some other companies, recommending 
it for use in all iron and steel plants. The Universal Danger 
Sign has been adopted by the National Association of 
Manufacturers and by other industries and associations 
outside of iron and steel. 

The secretary and the assistant secretary of the Institute 
and the secretary of the welfare committee of the Institute 
have made over fifty visits to iron mines and steel plants, 
to counsel and advise on safety and sanitation, and other 
matters in which the Institute is interested. They have 
also delivered more than seventy-five addresses before 
business bodies, colleges, schools and churches; have 
eonsulted with public health and economic authorities; 
and have made many studies of social and hygienic questions 
and general welfare. 


Some Worup Reasons FOR RECESSION IN BUSINESS. 


Business conditions at the present time are not as good 
as we would like to have them. I suppose we would be 
less than frank if we failed to admit that there has been con- 
siderable recession. Possibly this applies to business condi- 
tions generally throughout the country. I suppose there are 
many reasons for this, and I do not think it is a mistake to 
refer to some of the reasons for these conditions, because 
when we know what conditions are, and especially if we know 
the causes for those conditions, we are better prepared to 
protect ourselves against any great loss or damage to our 
affairs. If the doctor knows what the disease is, he is the 
better prepared to determine a reasonable prognosis. 

There are financial conditions throughout the world at 
the present time that have some effect upon our affairs, -in- 
directly if not directly. It is impossible to have wars in any 
country that do not have their influence upon all other coun- 
tries. It is impossible to destroy property of large value 
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without producing an unfavorable general result throughout 
the world. I suppose the European wars have directly and 
materially perhaps, though I hope temporarily, affected the 
general financial markets of the world. There is no doubt 
Europe has been drawing from this country large sums of 
money to finance the losses which have been sustained in 
these pending difficulties in Europe; and not only that, 
the different countries of Europe have been preparing 
themselves for war, believing there was a possibility of a 
general conflict. In doing this it has been necessary to 
secure all the ready money that was available; and I have 
no doubt considerable money has been taken from this coun- 
try for these purposes. Therefore, there is at present a slight 
stringency in the money market in this country which has 
been felt to some degree. This is about as bad a picture of 
the conditions as I can present. 

Fortunately the wars are ended. The nations. which 
have not been directly connected with this trouble have 
so prepared themselves for future conflict that they are 
almost certain to prevent war. In other words, they have 
secured peace by great diplomacy and by the expenditure 
of large sums of money. And not only that, the fighting 
nations which have been engaged in this terrible conflict 
have secured peace, although they had to fight for it. 


InsuriEs RESULTING FROM CLAss LEGISLATION. 


I think perhaps worse than the conditions I have alluded 


to, certainly so far as applies to this country, is the dis- 
position of legislative bodies at the present time to tinker 
with questions they are not very well prepared to discuss 
or to decide. It is most unfortunate that a man who is 
elected to office, being the average man, or a little below 
it in some places, has the impression that there is elected 
into him by the people considerable knowledge which he 
did not before possess. 

You gentlemen know by experience that if in the coun- 
try a farmer or a blacksmith is elected justice of the peace, 
the people generally are of the opinion that there has been 
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elected into the head of this justice of the peace considerable 
knowledge, and the next day the neighbors all run to him for 
legal advice. And that is about the situation with reference 
to a good many of our officials. 

There are pending at the present time in various places 
questions of legislation which are more or less important, 
and which may result in temporary injury to our business. 
I regard as the most dangerous at the present time the dis- 
position of legislative bodies to pass laws which are calcu- 
lated to produce classes. Class legislation is the most dan- 
gerous feature of the present deliberations of some of the law 
makers of this country. 

The man who is in politics, the politician as distinguished 
from the statesman, seems to consider first of all the ques- 
tion as to how he can secure more votes for himself—first, 
how he can get into office, and second, how he can keep in 
office. And the disposition of some is to appeal to class 
feeling by stirring up animosities for the purpose of arraying 
what he considers to be the multitude of men against the 
few, and with the idea of creating such a feeling of prejudice 
_as to divide the different classes of people into factions, and 
thereby perhaps to secure a majority of votes in order to get 
into or to keep in office. 


THE DiscrRIMINaTory Income Tax. 


I think, for instance, the efforts to assess the incomes 
of men who have incomes of more than four thousand dollars 
and exempting the incomes of those who receive less than 
four thousand per annum is one of the most lamentable 
things that has ever happened in this country, because it 
immediately arrays ninety-seven per cent. of the people 
against three per cent. of the people. 

I have no objection to an income tax when and as needed. 
I believe a man able to pay ought to pay. And I believe in 
liberal taxation all the time, and in most liberal expenditures 
of money for the benefit of all the people. I have nothing 
to say against an income tax as a principle. But to make 
ninety-seven per cent. of the people interested in favor of 
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an income tax which exempts them and which compels the 
other three per cent. to pay these large sums of money 1s 
wrong; and, to my mind, it is an innovation in this country. 
I cannot look upon it except as a beginning of the forcible 
distribution of wealth, however honestly acquired. 

Now the reason I speak of this, and the only reason, is 
that it seems to me the influence of a body of men so promi- 
nent as you should be against legislation or any action of 
this kind. It is so unjust and so unfair and so contrary to 
the institutions of this country that. we should prevent its 
adoption if possible and make it unpopular if adopted. 

I have not any doubt that at the present time there is a 
disposition on the part of some of the leading financiers of 
the country, and perhaps those whose influence is needed to 
carry on the best interests of the country, to withdraw their 
financial support from extensions of various kinds, and that 
we are feeling the effect to some extent. 

Of course, in these remarks I am talking, so to speak, to 
my own family; trying to present the worst side for the pur- 
pose of considering at least, each for himself, what ought to 
be done and what can be done. 


. 


SomE ENCOURAGING FEATURES. 


On the other hand we have at the present time before 
us the possibility, and I thing the probability, of action 
by one department of government, the Interstate Commerce 
Commission, which is calculated to produce very good 
results. I believe the railroad companies will secure the 
right to advance their rates five per cent. From the 
standpoint of a shipper I do not, of course, like to pay any 
larger rates than are necessary, but I cannot help feeling 
that the railroads are justly entitled to an increase in rates. 
And when we find a thing is fair and just, it seems to me 
we ought to advocate it. If the railroads do get this increase 
of rates at the present time, as some of us at least expect, 
I believe they will begin to buy very liberally of our products, 
and that will have a very decided effect on our business; 
and so in the end we shall be benefited. 
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Goop FrEttne Amone Iron anv STEEL EMPLOYEES. 


There is another thing that I think the steel men should 
be particularly pleased with, and that is the attitude gen- 
erally of our working men. I should like to ask you men 
whether you have ever known a time when, generally speak- 
ing, the working men at the furnaces and the mills have had 
a better feeling, a more kindly feeling, toward their employ- 
ers than they have at the present time. Notwithstanding 
the agitation to which I have referred, the disposition of the 
lawmakers to appeal to the masses, and the efforts which 
have been made by some of the leading labor agitators, still 
the working men generally have been unmoved, uninfluenced, 
and not disposed to antagonize the employers. I think this 
is one of the best signs of the times. If this continues we 
may hope for a conservative force which will stand shoulder 
to shoulder with men like you, who are endeavoring to pro- 
mote the best interests of the country, a force which will 
have a decided, beneficial and lasting influence. 

The fundamental conditions of this country to my mind 
were never better. It is the richest country in the world. 
The wealth of the country is rapidly increasing; the pros- 
pects for crops for the coming year were never better than 
they are now; and there is every reason why, if the country 
were allowed to prosper, it should advance faster and farther 
day by day than ever before. 

So I hope, gentlemen, that we will not lose courage, 
that we will keep our heads, that we will have in mind that 
recession in business is not justified by the fundamentals, 
that it is only a question of time when we may expect 
improvements. It remains for us to consider whether 
or not in the steel industry there is going to be a continued 
depression or an increasing depression. Let us look the 
facts squarely in the face and let us remember all the time 
that opportunity for success was never better, that optimism 
in the country is still fashionable. It is very easy for us to 
become demoralized, to become suspicious of one another, to 
look for clouds in the horizon; it is very natural to borrow 
trouble; if we get ourselves in a bad condition of mind we 
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influence our subordinates in office, we influence our cus- 
tomers more or less, and when the structure called prosperity 
begins to crumble it is very easy for it to fall. 


Business STANDARDS Have BEEN ELEVATED. 


I wish some of you could have heard in court a few days 
since the testimony of Mr. Schwab in referring to former 


conditions in the iron and steel.industry as compared with 


the conditions of today. We have taken a new departure; we 
have left the old lanes; we have abandoned the old practices; 
we are dealing in confidence one with the other; we are look- 
ing further ahead than we used to. When prices go off one 
per cent., we do not immediately run out into the market and 
put our prices down ten per cent. in order to see if we cannot 
get ahead of our neighbor and make five or six cents for our- 
selves, by securing business that legitimately belongs to him, 
even though we may lose five or six dollars within a week 
by doing it. 

The iron and steekindustry is in the hands of men now 
who have the ability and the courage to stand by their 
guns and to refuse to be stampeded by circumstances 


and conditions and inflammatory speeches, which in olden ~ 


times were calculated to bring about demoralization and 
distrust. 

And in my opinion it is one of the most pleasant things 
about the Iron and Steel Institute that while we have not 
yet reached the plane of activities which we know we will 
reach and which is certain to bring about greater success 
than ever before experienced, yet we are making great prog- 
ress, and we have connected with the Institute men whose 
influence not only in their own lines of industry but in all 
_ the activities of business life are potential. So, gentlemen, 
I say, let us be proud of our position and let us be satisfied 
that we know what we are doing, and that no legislative 
body, no inflammatory periodical or speeches can have 
any influence upon us in standing together and pushing 
forward in a proper and rightful way our best interests. 
(Applause. ) 
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Tue Masresty anp HuMANITY OF THE Law. 


The great protection for all of us and for all of our inter- 
ests, in my judgment, is found in the courts of this country. 
Not long since I was crossing the street at a corner where 
the traffic was very heavy, the street very wide, and many 
rapidly moving automobiles passing to and fro, so that the 
danger to a pedestrian was considerable. I noticed in the 
centre of the street a big policeman, and in front of him, 
almost in his arms, was a little boy about seven or eight 
years old, on roller skates, who had been trying to make his 
way across the street and had become confused and en- 
tangled amongst the numerous automobiles and was in 
danger of being run over. This big policeman, seeing the 
situation, caught the young lad in his arms and held him 
there until the vehicles had passed out of the way. Then 
the boy was allowed to cross the street and he reached the 
sidewalk safe and sound. There is a representation of the 
majesty and the humanity of the law. (Applause.) 

And so I would urge upon you gentlemen today, however 
weak or strong we may be, however great our difficulties, 
whatever the controversies may be in the discussions of the 
topics of the day, after all, in the long run, the courts will 
see that substantial justice is done to all of us, rich or poor, 
strong or weak. More than that no one should ask; all of 
that every one has the right to demand. (Applause.) 

I would impress this thought upon the minds, particu- 
larly of the younger men here: Let us never get away from 
the courts; and let us make it certain we ourselves are 
doing the right thing; that no member of the Institute shall 
be justly accused of intentionally antagonizing or violating 
the laws of the country, for all of us must finally appeal to 
them for protection. 

We have the right to openly discuss the questions which 
are pending in the Congress of the United States or in any 
other legislative body; we have the right even to criticize 
the law after it has been passed and to insist that it ourht 
to be modified or repealed. But when any proposition once 
becomes a law, and until that law is repealed or changed, 
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while it is the law of the land, let us, gentlemen, members 
of this Institute, always observe and stand by the law and 
do everything we can to see that it is fairly and justly and 
fully administered. 

The President of the United States recently said that 
honest business need not be afraid. Let us take him at 
his word. Let us assume he means exactly what he says. 
Let us be honest. So far as we are concerned let us do 
the right thing, the fair thing, the just thing, by everyone 
we come in contact with and all who are interested in our 
deliberations and in our decisions. 

It is a very proud position to be president of this Insti- 
tute made up of men such as you. It is a very great honor, 
and I assure you it is appreciated. And particularly because 
of the right attitude which you gentlemen have taken con- 
cerning all these questions, and which you are certain to 
maintain. (Applause.) 

You are all provided with programs of the meeting. 
The program gives not only the names of those who are to 
read papers and participate in the discussions, but also such 
other information as will serve as an introduction of each 
gentleman to this audience. To save time, therefore, I shall 
ask each gentleman to come forward to the platform at the 
time indicated by the program and proceed without further 
introduction. 


ee ene ae Te Mera wT eT ee ee Tem ee ee ey nO 


Pon ed 


THE GAS ENGINE IN MODERN BLAST FURNACE 
AND STEEL PLANTS. 


Heinricu J. FReYN 
Allis-Chalmers Manufacturing Company, Milwaukee. 


Since 1906, American gas-engine builders have furnished 
about 500,000 H.P. of gas engines in units above 500 H.P. 
capacity, the great majority of which are operated on blast 
furnace gas. Within the last two years, however, the 
demand for gas engines seems to have fallen off, and only 
comparatively few gas-engine installations were put down 
in this country. It is time to analyze the underlying causes 
for this phenomenon and to endeavor to clear our minds 
concerning the economic position of the gas engine as com- 
pared with that of the steam turbine and the turbo-blower. 


THe ATTITUDE OF EUROPE AND AMERICA. 


In Europe, and especially on the continent, the use of 
gas power shows a remarkable increase in spite of rather 
pessimistic views concerning the economic advantage of gas 
engines, particularly for blast furnace, steel mill and coke 
oven plant equipment, which were held by some several 
years ago. And even to-day more or less voluminous con- 
tributions appear occasionally in the technical press, claim- 
ing that the gas engine has really no raison d’étre in modern 
steel plants. 

Such arguments are, however, now considered wholly 
theoretical in Germany, judging from the fact that practical 
steel makers and coke producers have found their own answer 
to this question and continue to disregard academic objec- 
tions raised against a development which they have found 
by experience to be right and profitable. 

Gas engines to-day are used almost to the exclusion of 
steam turbines and turbo-blowers in German steel and coke 
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oven plants, and the demand for large gas engines is so great 
that the five foremost engine manufacturers in Germany 
alone are building such engines at the rate of about 120 
- per year. 

The gas engine has been in operation in America in 
sufficient number and for a sufficient length of time to 
demonstrate its tremendous economic advantage over any 
type of steam prime mover for power production in blast 
furnace plants, steel mills and coke oven plants; and the 
object of this paper is to present to the members of this 
Institute facts and figures which it is believed will demon- 
strate the superiority of the gas engine for this class of work 
beyond the point of successful contradiction. 

To-day we claim the blast furnace and coke oven plants 
as the natural field for the large gas engine and where its 
greatest development will lie in the immediate future. 

In the enormous field of power generation directly from 
coal in the large central power plants of our cities, the steam 
turbine is in undisputed possession and will doubtless remain 
so until the producer gas plant or gas turbine reaches a 
further stage of development. 


THE QUESTION AN Economic ONE. 


The question, gas engine or steam turbine in a blast 
furnace and steel plant, is a strictly economic one—economic 
in the broadest sense of the word; and it shall be the 
endeavor in the following pages to prove that a modern, 
progressive blast furnace or steel plant cannot afford to 
disregard the signs of the times, which clearly point to the 
gas engine as the most economical prime mover for their 
purposes. 

Let us assume a blast furnace plant of eight furnaces 
of about 450 tons capacity each, producing about 3,600 
tons of pig iron per twenty-four hours. The amount of 
blast furnace gas generated in this plant will be 22,500,000 

cu. ft. per hour, since it is generally agreed that 150,000 
cu. ft. of gas are liberated per ton of pig iron produce 
per twenty-four hours. This gas will have an average heat 
value of 95 B.T.U. per cubic foot. Of this total quantity, 
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about 40 per cent., or 9,000,000 cu. ft., is used for heating 
the blast in the stoves or lost by leakage. 

For gas blowing engines, about 2600 B.H.P. per furnace 
are required, which consume, at the rate of 12,000 B.T.U. 
per B.H.P. hour, about 330,000 cu. ft. of gas per hour, or 
for eight blast furnaces 2,640,000 cu. ft. An additional 
quantity of 460,000 cu. ft. per hour for eight blast furnaces 
will be necessary to produce in gas electric engines the 
required power to operate the furnace auxiliaries, such as 
air compressors for mud guns, skip hoists, ore handling 
machinery, transfer cars, bells, lighting, and so on. 

The total quantity of blast furnace gas which has to be 
deducted amounts thus to 12,100,000 cu. ft. per hour. In 
other words, there will remain for use, outside of blast 
furnace operation, 10,400,000 cu. ft. per hour. This quan- 
tity of gas represents at a heat value of 95 B.T.U. per cu. ft. 
the total amount of heat of 1,000,000,000 B.T.U. per hour. 

To make use of this available quantity of heat for power 
generation, gas electric engines or steam turbo-generators 
can be installed. In the former case, the available quantity 
of heat will produce at the rate of 16,200 B.T.U. per K.W. 
hour at the switchboard, corresponding to an average ther- 
mal efficiency of 21 per cent., a total of about 60,000 K.W. 
(90,000 B.H.P.). 

If this available quantity of heat is converted into power 
through gas-fired boilers and steam turbo-generators, the 
maximum capacity of the power plant would be about 
30,000 K.W. (45,000 B.H.P.) if a heat consumption of 32,500 
B.T.U. per K.W. hour, or a thermal efficiency of 10.5 per 
cent. of the steam plant is assumed. 


EXPERIENCE AT GARY. 


Such conditions exist to-day in this country at Gary in 
the largest steel plant in the world, where gas-engine gen- 
erators of a total capacity of about 68,000 K.W. maximum 
continuous rating will be in operation within a few months. 
During the last year, the maximum continuous rating of 
this plant was 50,000 K.W., and the average use factor, 
including Sundays, was 64.5 per cent. 
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Assuming the same use factor in the future, when the 
plant capacity will be 68,000 K.W., and deducting the Sun- 
days, the use factor for 313 working days would be 76 per 
cent., so that 52,000 K.W. will be generated every working 
hour to meet the power demands of the steel plant itself 
and of the allied industries located in its vicinity. 

If in this steel plant steam turbines had been installed, 
only one-half of this power demand could have been cov- 
ered by burning blast furnace gas under boilers, so that for 
the remainder of 30,000 K.W., it would have been necessary 
to use steam coal. 

Assuming a coal consumption per K.W. hour of 3 lb. 
of Iilinois coal of 10,500 B.T.U. per pound, which would 
correspond to a heat consumption per K.W. hour of 31,500 
B.T.U., or to 10.8 per cent. thermal efficiency at the switch- 
board, there would have been required 3 x 30,000 x 24 x 313 
= 676,000,000 Ibs., or 300,000 gross tons of coal per year. 
At a price of $2.50 per gross ton as fired, which is the pre- 
vailing price in that locality, the total expenditure for coal 
per year would have been $750,000. 

As gas electric engines were installed in this plant, the 
requisite additional power of 30,000 K.W. is obtained by ; 
utilizing directly that portion of the available blast furnace 
gas which, in the case of steam equipment, it would have 
been necessary to replace by coal; so that the cost of coal, 
less the difference between fixed charges and operating ex- 
penses per annum of a 30,000 K.W. gas engine plant and a 
30,000 K.W. steam turbine installation represents the actual 
annual saving with which the Gary blast furnaces must be 
credited. 

A gas engine power plant of the required capacity of 30,000 
K.W. can to-day be duplicated for less than $90 per K.W. 
maximum continuous rating, all legitimate expenses included. 

A steam turbine plant, with boilers, economizers, super- 
heaters, condensers, pumps, coal and ash-handling machinery 
and other auxiliaries for boiler and turbine operation would 
cost, under steel mill conditions, from $65 to $70 per K.W. 
maximum continuous rating. 


Figuring on 15 per cent. fixed charges per annum and 
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$70 per K.W., there has to be deducted from the gTOss sav- 
ing of $750,000 the product .15 x 20 X30,000, or $90,000. 

The operating expense, without fuel cost or fixed charges, 
of the Gary Power Plant in 1912, at a use factor of 64.5 per 
cent., Sundays included, was .0824c. per K.W. hour, deliv- 
ered at the switchboard. The corresponding expense for 
a steam turbine installation of the requisite capacity and 
operating at the same use factor, may be assumed about 
20 per cent. lower, or .0664c. per K.W. hour at the switch- 
board, so that the excess operating cost of the gas engine 
plant per annum would be .016c. x30,000 x 24 X313 = $36,- 
000, which amount would further reduce the gross saving. 

It will presently be seen that these assumptions have but 
little influence on the ultimate result, although in the light 
of what follows, they seem thoroughly warranted. 

The total reduction to be made from the gross saving is 
$126,000, and the net saving per year amounts to $624,000. 

An eight-furnace blast furnace plant will produce about 
100,000 tons of pig iron per month, or 1,200,000 tons per 
year, so that the pig iron account should receive a gas credit 
of 52c. per ton, simply because no steam coal had to be 
fired to cover the power demand. 

Incidentally, this saving in cost of pig iron production 
represents an equivalent saving of national wealth. That 
is, it corresponds to a quantity of 300,000 tons of coal put 
aside annually for our children and children’s children. 


SAVINGS SHOWN. 


The foregoing calculation was made assuming that gas 
blowing engines are installed as is actually the case at Gary. 
It is evident that if steam-driven turbo-blowers had been 
selected, the quantity of available gas would have been 
much reduced, so that the saving, due to the installation of 
gas blowing and gas electric engines, would have been much 
greater. 

With turbo-blowers installed, the situation would be: 
The total quantity of blast furnace gas from eight blast fur- 
naces, after deducting the gas used for stoves, lost by leakage 
and utilized for power purposes of the blast furnace plant 
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itself, but without blowing engine requirements, would be 
12,600,000 cu. ft. per hour, since for blast furnace purposes 
alone, about 900,000 cu. ft. of gas per hour would now have 
to be used on account of producing the requisite power for 
the furnaces themselves with steam equipment. 

The gas consumption of steam turbine driven turbo- 
blowers of 2900 B.H.P. capacity per furnace at 12 lb. of 
steam of 135 lb. gauge pressure at the throttle, 125° super- 
heat, 28.5” vacuum, and 68 per cent. boiler efficiency, would 
be about 240 cu. ft. of gas of 95 B.T.U. per B.H.P. hour, or 
approximately 700,000 cu. ft. per furnace and 5,600,000 cu. 
ft. of gas for eight blast furnaces. 

The net quantity of blast furnace gas available for out- 
side purposes would thus be 7,000,000 cu. ft. per hour. 

If, now, a steam turbine plant were put down to utilize 
this quantity of gas for generation of electric power, there 
could only be produced about 20,000 K.W. (36,000 B.H.P.), 
while the difference of 40,000 K.W. between the actual 
power demand and the power supply by blast furnace gas 
would have to be made up by firing coal under boilers. 
Assuming the same values as previously regarding the ther- 
mal efficiency of the turbo-generator plant, there would be 
required 400,000 tons of coal per year, which, at a purchase 
price of $2.50 as fired, would be worth $1,000,000 annually, 

From this gross saving, the difference in fixed charges 
and operating expense between gas engine and steam tur- 
bine plants must be deducted, as before, so that the actual 
net saving would amount to $832,000 per annum. The gas 
credit would now be about 70c. per ton of pig iron produced. 

These figures are nothing short of appalling, and the sav- 
ings are so tremendous that any argument of gas engine oppo- 
nents is silenced. For, whether the thermal efficiency of the 
steam turbine installation is assumed at 11 per cent. or 14 
per cent., whether the cost of installation of such a plant is 
$70 or only $50 per K.W., whether the operating expenses, 
without fuel and fixed charges, are .0664c. per K.W. hour or 
only half of this amount, is of comparatively little impor- 
tance. And, no matter what reasonable claims are made in 
favor of steam turbo-blower and steam turbine equipment 
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for the great steel plant at Gary or any other plant of 
similar character, the saving, due to the installation of gas 
engines, remains so stupendous that the old controversy, 
steam or gas power, is once for all disposed of in favor of the 
gas engine. 

The correctness of this assertion will ae once be apparent 
if conditions are assumed which would cause this saving to be 
wiped out, and of all combinations of unreasonable or even 
impossible assumptions, this is perhaps the most striking 
one: If the thermal efficiency of the steam turbine plant 
were 1514 per cent. or the heat consumption per K.W. 
hour from the coal pile to the switchboard 22,000 B.T.U., 
then only 15,000 K.W. of the required power demand would 
have to be secured by firing coal, and the coal bill per an- 
num at 2.1 Ibs. per K.W. hour of Illinois coal of 10,500 
B.T.U., per pound, would be only $265,000 for 106,000 gross 
tons of coal per year. 

The difference in cost of installation of gas. engine 
and steam turbine plants would have to be over $76 per 
K.W. In other words, it would be necessary to install the 
complete steam turbine power plant practically free of charge 
for only then would the fixed charges of 15 per cent. on the 
difference amount to about $172,000 per annum. 

The excess cost of operation, without. fuel or fixed 

charges, of the gas engine plant would have to be .0824c. per 
. K.W. hour. And, since this is the actual operating cost 
of the. Gary gas engine plant for 1912, this assumption 
would mean that the steam turbine installation, including 
boilers, condensers and all other auxiliaries, such as coal and 
ash-handling apparatus, would have to be operated for 
nothing. Then the deduction from the profit on this ac- 
count would be $93,000, the total deduction $265,000, and 
the net profit by installing gas engines nothing. 

It is evident that these figures would change but. very 
little if it were granted that on account of greater reliability 
of operation, a higher use factor could be expected from a 
steam turbine plant, so that the capacity of the turbine 
station could be smaller than that of the gas engine plant. 

In the above calculation, the price of coal was assumed 
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to be $2.50 per gross ton as fired. But it is evident that 
with higher or lower coal prices, the net saving would simply 
be nearly proportionately greater or less. In the Pittsburg 
District, for instance, with coal of 13,500 B.T.U. at $1.70 
per gross ton as fired, the annual net saving by gas engines 
would be about $285,000, with gas blowing engines, and 
$385,000 with turbo-blowers, and yet of such importance 
that there could be no question concerning the advisability 
of gas engine installations. It is hardly necessary to mention 
that the saving at Duluth, where coal of 13,500 B.T.U., per 
pound costs $3.00 per gross ton as fired, would be so great 
as to forever eliminate the competition of turbo-blower and 
steam turbine. 

This calculation leads to the further deduction that for 
blast furnace and steel plants, no matter of what capacity, 
where the pig iron is converted into finished product and 
where allied industries either utilize the by-products of pig 
iron manufacture as in the case of cement mills, or where gas 
can be economized as in the case of by-product coke-oven 
plants, it would be positively wasteful and an economic 
crime to use steam equipment of any sort. 

The same reasoning will be found to apply as well to such 
blast furnace and steel plants, where these favorable con- 
ditions do not obtain, i. e., where not all or nearly all of the 
surplus power from blast furnace gas can be used, and even 
isolated blast furnace plants are included; provided, of 
course, that the surplus power can be profitably sold to out- 
side consumers, such as nearby communities, independent 
industries, ete. 


PowrR Puant SYNDICATES IN GERMANY. 


That this statement is not merely a theorizing flight of 
fancy is quite forcefully proven by the existence in Germany 
of power plant syndicates, which were formed to put this 
suggestion into practical use. The “Rheinisch-Westphae- 
lische Elektricitaetswerk,” abbreviated, R. W. E., is a cor- 
poration of producers and consumers of electric power, 
which owns and operates several steam turbine power plants 
working in conjunction with a number of blast furnace and 
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coke-oven gas engine installations which furnish electric 
power generated. by surplus industrial gases into the same 
system. 

The great Romback steel plant supplies electric light and 
power to the City of Metz, from the blast furnace plant at 
Maiziéres, which is understood to be a very profitable 
business. Incidentally, it should be mentioned that the gas 
engine plants of this concern are among the very oldest in 
existence, some of the present gas engines having been put 
down as early as 1904. 

A similar installation exists at the Royal Prussian Coal 
Mines at Heinitz in the Saar District, where a coke-oven gas 
engine power plant of 6800 K.W. capacity operates in paral- 
lel with a steam turbine plant of 9000 K.W. capacity, several 
miles distant. A distributing system of about sixty-two 
miles in length, connects twenty-seven different coal mines 
to the two central stations. The generators in the gas 
plant are built for 66 per cent., and those in the steam plant 
for 80 per cent. power factor, so that the gas engines natu- 
rally take the bulk of the constant load, while the steam 
turbines handle the frequently recurring peak loads. These 
two plants are a marked financial success; and, although 
the steam turbine plant is one of the finest and most eco- 
nomical in Germany, the cost of power produced in the gas 
engine station is, nevertheless, lower than that of the steam 
power plant. The operating costs and other very valuable 
information concerning this plant, were published in Nos. 
35 and 36, year 1910, of ‘‘Gliickauf.” ‘These two power 
plants were built and are operated along the same lines by 
the same organization, they serve the same purpose, and are 
thus directly comparable. From information given in the 
original paper, it appears that the cost of installation of the 
gas engine plant was $81 per K.W. against $70 per K.W. for 
the steam turbine plant. Particular attention is directed 
to these figures, since the opinion frequently prevails that 
the investment in gas engine stations is considerably higher 
than in steam turbine stations. These figures show that 
the difference is not as great as is generally claimed. While 
it may be contended that the cost of machinery abroad is 
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lower than in this country, it hardly needs to be pointed 
out that the relative cost of equipment of the same char- 
acter will undoubtedly be the same in both countries. 


ANALYSIS OF Cost OF POWER. 


A detailed analysis of all factors determining the eco- 
nomic value of a prime mover, and on which the selection 
of power plant equipment should always be based, is pri- 
marily concerned with the question of the total cost of 
power production. This cost is usually subdivided into the 
following main items: fixed charges, fuel cost and net operat- 
ing expenses. 

The fixed charges comprise depreciation, interest on the 
money invested, insurance and taxes; and their value 
depends upon the cost of installation and upon the assumed 
or customary percentage rate for amortization. The fuel 
cost is the criterion of the thermal efficiency of the power 
plant at a given price and heat value of fuel and for similar 
load conditions, and the operating expenses should reflect 
the physical condition of the. equipment, the efficiency and 
simplicity of design, and to a certain extent, the reliability 
of the machinery. 

The cost of power production is, however, not the only ~ 
consideration which should enter into the calculation; for 
frequently other, not purely financial factors, when put on 
the right side of the scales, may radically change the ulti- 
mate result. Such influences of practical nature, and to 
which monetary values cannot always be assigned, are, for 
instance, the upward tendency of the fuel market, the 
chances for future extension, the direct or indirect bearing 
of the type of prime mover selected upon other departments 
of the industrial enterprise for which the equipment is in- 
tended, and last, but not least, freedom from irregularities in 
fuel supply, which may arise from car famine and strikes. 

To illustrate, our railroads were strained to the break- 
ing point last winter handling coking coal and coke, and 
could not have shipped the additional large tonnages of 
steam coal required by a steel plant of the magnitude of 
Gary, if this plant were equipped with steam. power. 
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Of a more sentimental nature is the consideration of 
conservation of the natural resources and national wealth, 
which does not countenance the egotistical slogan “After 
us the deluge.” This discussion, will, however, be con- 
fined only to the purely financial point of view by examining 
in detail each and all items which make up the total cost 
of power production. 


DEPRECIATION RATE. 


The first important question to be decided is what per- 
centage should be assumed to cover amortization of the 
power plant. Heretofore, it has been customary to charge 
a much higher depreciation rate on gas engine equipment 
than on steam installations. This is obviously wrong if the 
proper meaning is given the term ‘‘depreciation.’”’ Depre- 
ciation is that sinking fund per dollar of investment which 
will have grown to such a value at the end of a given num- 
ber of years, interest being figured at the current rate and 
compounded yearly at the same rate, that it represents the 
original value of the plant, or is equivalent to the original 
cost of the investment. From this definition, it follows 
that the only factor to which arbitrary values could be 
assigned is the “‘given number of years,” because interest 
charges are certainly not higher on greater than on smaller 
amounts of money which have to be borrowed. That a 
gas engine plant should have a shorter life than a steam 
turbine installation is inconceivable, and the experience of 
the last eight or ten years conclusively proves that there 
is no reason for such an utterly arbitrary and unfair 
assumption. 

At an accepted rate of interest of 6 per cent., and assum- 
ing 7 per cent. for depreciation, the life of equipment would 
be about ten years. Numerous instances could be cited 
of earlier gas engines of 1904 vintage, which still are in 
perfectly satisfactory operation in steel plants abroad, 
although at that time the double-acting, four-cycle gas 
engine had just been born, and thus was subject to the cus- 
tomary ‘‘child’s ailments.” 

During a recent visit to Europe I found still in use at 
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the Cockerill Works at Seraing, the old, single-acting gas- 
blowing engines, which were installed in 1900. And even the 
first 200 H.P. blast furnace gas engine, built at these works 
in 1898, although of obsolete type, is still performing its 
work quite satisfactorily. 

The largest gas engine power plant in the world, that at 
Gary, Indiana, has now been in operation over five years, 
but even the most pessimistic investigator would have to 
concede that the Gary gas engines are good for at least an- 
other term of five years. 

Seven per cent. depreciation figured on gas engines does 
not mean that these engines will be useless at the end of ten 
years’ time because of wear and tear or on account of age or 
decrepitude, but simply that they must be written off in 
that time, due to obsolescence. 

If the rate of progress of the last few years continues, it 
would not be prudent to reckon with more than ten years’ 
life of the equipment, because new inventions may revolu- 
tionize our present methods of power production so com- 
pletely that it would be impossible for financial and economic 
reasons to maintain profitably the old equipment. 

The steam turbine is affected in precisely the same 
manner. And, indeed, in certain power plants steam tur- 
bines were replaced or practically rebuilt after a few years of 
service, since such improvement had meanwhile been 
made in the art that it was profitable to rebuild these 
machines. 

The very fundamental principles involved in the con- 
struction of comparatively slow-speed, reciprocating gas 
engines and of high-speed, revolving steam turbines, furnish 
a strong argument against the injustice of discriminating in 
the question of depreciation rate against the gas engine. 
Serious accidents which might result in the entire loss of a 
gas engine unit are restricted to nothing short of elementary 
calamities, whereas instances of the complete destruction 
and entire loss of turbo-generators, due to quite natural 
causes, are too numerous not to warrant the conclusion 
that the depreciation rate on such machinery should be, if 
anything, higher than that for gas engines. Through the 
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loss of a turbo-generator, the depreciation rate becomes 
immediately 100 per cent. 

In several large power plants in this country it is cus- 
tomary to charge the complete loss of a steam turbine unit 
to depreciation, not to current repairs. A gas engine may 
have a broken piston rod or a gas cylinder may crack, so 
that these defective parts have to be replaced. But, almost 
invariably, it will be possible to operate the unit at least 
partially while the repairs are being made. And in no in- 
stance has such an expenditure ever been charged to depre- 
ciation, but is taken care of by the pena and maintenance 
account. 

This brings up another wrong which it has been quite 
customary to inflict upon the gas engine, and against which 
too vigorous protest cannot be made, namely, the practice 
of not only charging a much higher rate of depreciation on 
gas engine installations, but of debiting the gas engine ac- 
count in addition with all expenses for repairs and replace- 
ments which become necessary in time. Hither course 
may be right, but both applied simultaneously are not and 
never will be. 

The subject ‘‘ Depreciation” has been fully dealt with in 
an admirable contribution to the Proceedings of the Ameri- 
can Institute of Electrical Engineers by Henry Floy in 1911. 
In his paper, Mr. Floy discusses the various meanings of the 
term ‘‘depreciation,”’ and he cites a number of authorities 
and rates used in estimating theoretical depreciation. 
From this list, it appears that the depreciation rate on gas 
engines assumed by the Wisconsin Public Service Com- 
mission is 6?4 per cent. per year for straight line deprecia- 
tion; whereas for steam turbines it is 5 per cent., according 
to the Wisconsin Public Service Commission, and 624 per 
cent., according to the St. Louis Public Service Commission. 


Cost oF INSTALLATION. 


Much has been argued back and forth concerning the 
first cost of gas engine installations compared with steam 
turbine plants, and certain untenable assertions were made 
in otherwise able and serious papers presented before En- 
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gineering Societies, which would lead one to believe that gas 
engine plants are so much more expensive in first cost that 
the saving derived from their better fuel economy is not 
only offset but actually overbalanced by the increased fixed 
charges. Such fallacious statements can cause much harm 
if presented by authors whose professional standing gives 
their utterances and opinions considerable credence and 
weight. Frequently the first cost of steam turbine power 
plants of hundreds of thousands of kilowatts capacity is 
compared with that of gas power installations of a few thou- 
sand kilowatts rating, but any engineer who has built 
power plants knows that there is considerable difference in 
first cost according to plant capacity. 

The actual costs of installation of a number of blast fur- 
nace gas engine plants in steel works in this country are now 
available, from which it appears that such electric power 
plants can be built for from $88 to $104 per kilowatt maxi- 
mum continuous rating according to size of plant and local 
conditions. ; 

Determination of the actual legitimate cost is not an 
easy matter, for it requires a thorough expurgation of the cost 
sheets by deducting such expenses which have no bearing on 


the cost of the gas engine installation itself. In the majority ¥ : 


of blast furnace installations of the United States Steel © 
Corporation, the original appropriations and the final costs 
cover not only the gas engines and their installation proper, 
but steam engines, steam turbines, boilers and condensers, 
sub-stations, transmission lines, storage batteries, etc., and 
frequently superfluous and inoperative parts of gas oléanine 
plants. 

The work of reducing the costs on the books to the true 
figures which can consistently be charged to these plants, is 
not simple. It requires great care and detailed knowledge 
of the plants: in question. This work was done about two 
years ago with utmost accuracy for the gas engine installa- 
tions of the United States Steel Corporation. } 

To do this work, it was necessary to put all installations 
under investigation upon the same basis, and it was decided 
to follow the practice customary in steam turbine plant 
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accounting, that is, to base all installation cost figures on 
the maximum continuous rating of the generator at 40 
degrees centigrade temperature rise. In the majority of 
cases, the gas engines have a greater capacity in brake horse- 
power than corresponds to this generator rating, and we 
agreed to call the maximum continuous rating of these gas 
engines that kilowatt capacity which at 95 per cent. gener- 
ator efficiency and 80 per cent. mechanical efficiency, cor- 
responds to a mean effective pressure in the gas cylinders 
of approximately 70 pounds per square inch, a value which 
is universally adopted by gas engine builders. 

The following table gives the actual installation costs 
of a number of gas engine stations in plants of subsidiary 
companies of the United States Steel Corporation: + 


TABLE 1. 


Cost or INSTALLATION oF Buast Furnace Gas Evecrric PowEr PLANTS. 


Power Plant No....... 2 3 4 5 
MoMot- Units. 5 «steve « 17 2 4 4 5 
Cap. K.W., Max. Con. 
Tob ofa ener oy eee 40,000 4,500 9,000 9,000 11,400 
Cap. B.H.P., Max. Con. 
MUAELE oe ste ere havaices 56,400 6,400 12,800 12,800 16,300 
Cost of page Hation per 
ft ax. on. 
Rating: % op % % oe 
(A) Buildings........ $ 9.87 11.3 $75.50 81 g $10.17 10.6/$ 10.90 10.8/$ 10.52 10.3 
(B) Eng. Equipment.) 71.78 82.0 i | 72), ton (4.6) 77278 76.4) 80.32 77.3 
(C) Gas Cleaning 
Plant eS aspen oa 5.85 6.7 16.80 18.2).14.40 14.8) 13.00 12.8) 12.76 
pane ee Power 
ant complete, per 
RE Wirsyarcte.a : Peeve creas $87.50 100.0 /|$92.30 100.0$97.32 100.0/$101.68 100.0/$103.60 100.0 


COMMENTS ON TABLE I. 


Puant No. 1. The statement includes all items on the 
cost sheets, with the exception of sub-station equipment, 
steam turbo-generators and boiler plant for same, storage 
batteries, rotary converters and switchboard for these appli- 
ances. If switchboards for storage batteries, transformers 
and rotary transformers were added, the installation cost 
would be increased by $2.99 per K.W. The storage bat- 
teries themselves, including building, etc., cost $8.91 per 
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K.W. maximum continuous capacity of the station. Pro- 
portion of works’ expense and engineering and drafting 
expenses were omitted in order to bring all station costs 
on the same basis, and also because in steam turbine plants 
these items are frequently not included in the total station 
costs. These expenditures, when added, would increase the 
unit cost given in the table by $1.54. The total cost, 
including all items except storage batteries, would then be 
$92 per K.W. 

Puant No. 2. This plant has no gas holders, and the 
costs given include only that portion of the gas cleaning ~ 
plant which is chargeable to the present gas engine equip- 
ment. 

Piant No. 3. The cost figures cover the whole instal- 
lation, including all piping and auxiliaries, all electrical 
equipment with switchboard and distribution lines, but no 
transformers, storage batteries, transmission lines to places 
of consumption of electrical energy, nor equipment of a 
steam engine generator with its portion of the building. 

The subdivision of the expenditure for certain items, 
covering both gas engine and steam engine installations, 
was done with utmost care. And in doubtful cases the. 


steam engine was given the benefit of the doubt to avoid 


any possible criticism of favoritism towards the gas engine 
installation cost. 

The gas cleaning plant of this installation includes two 
gas holders and an enormous amount of gas piping, occa- 
sioned by local conditions, while if this plant could have 
been installed in connection with gas engines located in 
close proximity—as would be the case ina new plant—its 
cost would have been only $12.48 per K.W. 

Puant No. 4. The gas cleaning plant in this installa- 
tion is good for nearly twice the present gas engine capacity, 
with the exception that a number of Theisen washers would 
have to be added. This condition was, of course, taken into 
due consideration. 

Puant No. 5. The actual construction costs include a 
steam turbine with condenser, piping and foundation, as 
well as’ electric transmission lines. The corresponding ex- 
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penditures were deducted to arrive at the true installation 
cost of the gas engine station. 

The figures given in Table I coincide fairly well, with 
the exception of those pertaining to the cost of gas cleaning 
plants. The discrepancies among the latter are entirely 
due to differences of design and local conditions. The gas 
cleaning plants for the smaller installations are much more 
expensive than that for the larger power plant, because the 
latter was originally designed with a view of installing gas 
engines, so that this gas cleaning plant represents the latest 
and most efficient arrangement; whereas in the others, gas 
cleaning plant and gas engine installations had to be fitted 
into existing plants. Moreover, some of these smaller plants 
started out with extreme caution in the matter of gas clean- 
ing and provided, in addition to Theisen washers, expensive 
hydraulic fans, baffle washers and screen washers, with the 
necessary gas piping. These, however, were subsequently 
found to be unnecessary and are now inoperative. 

All figures give the cost of the so-called secondary clean- 
ing plants only, that is, of that part of the gas washing sys- 
tem which prepares the gas for gas-engine purposes after 
having been roughly purified in so-called preliminary or 
primary gas washers. The latter, however, would be part 
of a steam turbine installation as well, because it was recog- 
nized that blast furnace gas should be purified at least to a 
certain degree of cleanliness, even for stove and boiler pur- 
poses. 

Within the last year or two marked progress has been 
made in the art of purifying blast furnace gas by using 
simpler and less expensive gas washers, operating either on 
the dry filter or the wet disintegrator principle. With these 
improvements, the installation cost of secondary gas clean- 
ing plants will be reduced in the future approximately 15 
per cent. 

In Table II the cost of installation of gas blowing en- 
gines in the same plants is given. To obtain a uniform 
basis for comparison, it is assumed that each furnace is 
blown by 3 tubs or 114 gas blowing engines in all plants 
under consideration, and requires 45,000 cu. ft. per minute 
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displacement of air. The maximum continuous capacity of 
all engines was based on this quantity (30,000 cu. ft. dis- 
placement per engine) and 25 lb. blast pressure. The rat- 
ing of all engines was determined assuming 18 lb. per square 
inch mean effective pressure and 90 per cent. mechanical 
efficiency of the air tubs themselves, with the exception of 
one plant, where high-speed gas blowing engines are installed. 


CoMMENTS ON TABLE II. 


Puiant No. 1. The costs given in the table were com- 
piled from the official cost sheets, deducting steam blowing 
engines and the corresponding portion of a boiler plant. 
On the other hand, the cost of a gas producer plant of 4000 
H.P. capacity for starting the blast furnaces, was added. 
In the latest two German blast furnace plants which are 
equipped with gas blowing engines exclusively—no pro- 
vision was made for steam blowers for starting the plant; 
but a producer plant of the cheapest kind without coal and 
ash-handling equipment, building, gas washers, etc., was 
put down, because the existing secondary gas cleaning 
plant and the existing gas blowing engines could be used 
without the slightest difficulty. No fuel economy needed 
to be attempted, nor was it of consequence to use coke dur- 
ing the short period of blowing-in one of the furnaces before 
the necessary blast furnace gas was obtained to operate 
some of the blowing engines in the regular manner. 

Piant No. 3. In this plant several high-speed gas 
blowing engines are installed. These were built for a max- 
imum blast pressure of only 20 lb. per square inch. The 
figures in Column 3 are, therefore, not exactly comparable 
with those given for the other plants. No spare engines 
existed; and, since it was desired to bring all plants under 
discussion on the same comparative basis, an estimate was 
made of the cost of installation of two additional high- 
speed gas blowing engines, and the probable cost added to 
the actual construction costs. In Column 3, the figures 
under ‘Investment per B.H.P. Installed,” are actual 
costs; but the others are based on the presumable combined 
cost of the existing plant and two additional spare engines. 
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This was done to show how high-speed gas blowing engines 
affect the total cost. 

Puant No. 5. This installation is not strictly a gas 
blowing engine plant, and the available cost figures were 
revised to bring this plant on the same basis as the others. 

The costs given in Table II show fairly good coincidence, 
except for the gas cleaning plants, and Plant No. 3. The 
reasons for the discrepancies are given above. 

It can be seen from these cost figures that the equip- 
ment with high-speed gas blowing engines is a good deal 
cheaper than that of slow-speed engines, especially when the 
capacities of Plants 1 and 3 are considered. 

When examining these cost figures and comparing them 
with those applying on steam turbine and turbo-blower 
plants, it should be borne in mind that practically all these 
gas engine installations were put down at the same time, so 
that no previous experience of any sort was available which 
might have assisted in planning and carrying out the con- 
struction work on strictly economical lines. 

While these figures do not therefore represent the lowest 
cost which could be obtained if similar plants were installed 
today, it will be admitted that they are quite a good deal 
better than such plants are usually given credit for. 

The total cost of the new power house at Gary, con- 
taining 10 units of 2700 K.W. each maximum continuous 
rating, when completed, will probably not be over $70 per 
K.W., without the gas cleaning plant. The latter would 
bring the cost of the whole station to a little over $75 per 
K.W. 

Prominent central power station engineers in this 
country agree that the cost of a steam turbine power plant 
per K.W. maximum continuous rating varies from $60 to 
$100, and it is generally conceded that the average is near 
$80 per K.W. There are not many lighting or street rail- 
way power plants in this country which cost less than $65. 
per K.W., and the majority of these plants have capacities 
considerably larger than even that of the Gary gas engine 
plant, some having as much as 200,000 K.W. capacity in 
steam turbines under one roof. 
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Steam turbine power plants for steel mill purposes would 
certainly not require to be as handsomely appointed as are 
some of the central power stations in our large cities, for 
they can well get along without tiled floors, enamelled brick 
walls, brass railings, expensive roof construction, landscape 
gardening, and especially without the extremely elaborate 
electrical equipment which public service corporations re- 
quire to reduce to a minimum the chances for interruptions 
in the service given to their customers. Still it is ques- 
tionable whether a complete, efficient steam turbine plant 
under steel mill conditions could be put down for less than 
$65 to $70 per K.W. maximum continuous rating, especially 
if it is remembered that the difference of $5 per K.W. ona 
100,000 K.W. plant, for instance, represents the round sum 
of $500,000, which will go far to provide for special improve- 
ments and for beautifying the plant. 


Cost AND MEASUREMENT OF FURL. 


While in all cases under discussion the blast furnace gas 
delivered to’ the power house is charged to engine opera- 
tion at a value based on the prevailing price of coal with 
cost of gas cleaning added to the value of raw gas, estab- 
lished on the basis of equivalent heat values, no rule exists 
defining a method of determining the actual quantity of gas 
consumed by the engines. 

The gas consumption should be measured by Venturi 
Meters, and the readings should be recorded automati- 
eally and continually, the Venturi Meters to be calibrated 
by using a gas holder as a means of volumetric meas- 
urement. Although dust deposits in the Venturi Meter 
throat affect the readings on account of reducing the diam- 
eter, the error can be minimized or entirely eliminated if the 
Venturi Meter throat is regularly flushed with high-pressure 
water. Any reduction in the throat area causes the meter 
indications to be too high, and the gas engines apparently 
fall off in thermal efficiency if even a slight coating is allowed 
to accumulate in the meter. Otherwise the Venturi Meter 
is a very exact measuring device, provided its coefficient is 
accurately determined. Such instruments should be in- 
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stalled in all gas engine plants to eliminate any arguments 
and questions regarding thermal efficiency. 

The gas consumption of gas engines at three-quarter load 
is not very much greater than at full load, and some 
European gas engine builders even guarantee a heat con- 
sumption of 10,000 B.T.U. at full load and 11,000 B.T.U., or 
only 10 per cent. more, at three-quarter load. 

Actual gas holder drop tests made in this country about 
a year and a half ago on a 750 K.W. single tandem producer 
gas engine unit showed a heat consumption of only 9000 
B.T.U. per B.H.P. hour at 1100 B.H.P. load (65 lb. mean 
effective pressure) and of 10,000 B.T.U. at 800 B.H.P., or 
three-quarters of full rated load (50 lb. mean effective pres- 
sure). This figure corresponds to a heat consumption of 
less than 14,200 B.T.U. per K.W. hour at 95 per cent. gen- 
erator efficiency, or to a thermal efficiency of 24 per cent. 
at three-quarter rated load. 

Venturi Meter tests made on a large gas blowing engine 
running at constant speed with variable blast pressure 
showed a thermal efficiency of 26.5 per cent. at the shaft 
for 2700 B.H.P. and 30 lb. blast pressure (70 Ib. M.E.P. in 
the gas cylinders) and of 22 per cent. for half load or 
1350 BHP. 

Under the favorable operating conditions at the Gary 
plant, the thermal efficiency of the gas engines averages 
at least 21 per cent., particularly in view of the truly splen- 
did physical condition in which this gas engine plant is kept. 

All indications of tests and operating experiences here 
and abroad point in that direction, and I may mention that 
the largest blast furnace gas engine plant in Germany, 
which has been in very successful operation nearly six years, 
has an average thermal efficiency of 22.5 per cent., with an 
annual output of 100,000,000 K.W. hours and 65 per cent. 
average use factor. The gas consumption in this plant is 
not measured nor recorded, but drop holder tests were made 
to determine the gas rate; it is considered perfectly satis- 
factory and legitimate to base the fuel cost on these test 


indications and to establish a certain gas rate per K.W. hour 
on this basis. j 
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The operators of this plant reason that in a blast furnace 
gas engine installation which is maintained in first-class 
physical condition there is no influence except load variation 
which could affect the heat consumption. If the gas con- 
sumption of a gas engine or of a whole plant increases beyond 
the limit established by tests under similar load conditions, 
this must be due either to incorrect measuring methods or 
caused by “deferred maintenance,” a term defined by Henry 
Floy as ‘the condition into wh‘ch a power plant is permitted 
to lapse, due to neg'ect of proper maintenance and regular 
repairs.” 


THe Human ELEMENT. 


It is precisely in this respect that gas engine installations 
differ materially from steam equipment. In a blast furnace 
or coke oven gas engine power plant, there are considerably 
fewer causes for a decrease of thermal efficiency which de- 
pend upon the operator’s skill and watchfulness and the 
‘ersonal equation” is of much less influence upon results 
than in a steam plant, since no boilers have to be fired, no 
high vacuum has to be maintained, no leakages have to be 
stopped, and no condensation has to be prevented. 

If piston rings, valves and piston rod packings are tight, 
and if the ignition is correctly timed, there is really no oc- 
casion for a drop in thermal efficiency. The condition of 
these parts can, however, be easily ascertained at any time 
by observation or by taking ndicator cards. At the Gary 
plant, the rule was established that each engine must be in- 
dicated at regular interva's of time, and the cards sub- 
mitted to the superintendent for approval. In a steam 
turbine plant, corrosion of the blades may not be noticed— 
unless visual examination is made—until the steam con- 
sumption has increased and the coal pile is found to diminish 
much faster than it should. 

This question of the human element, which so largely 
enters into the economics of a steam plant, accounts for the 
difference which is usually found between the results of 
carefully prepared and conducted efficiency tests and those 
of actual commercial operation over a longer period of time. 
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It is said that steam turbines of about 10,000 K.W. unit 
capacity of the latest design, using steam of 185 lbs. gauge 
pressure, 100 degrees superheat and 29 inches vacuum, showed 
during shop tests a steam consumption of 12.2 lbs. per 
K.W. hour, corresponding to a thermal efficiency, including 
auxiliaries, of 14.4 per cent. boiler efficiency of 70 per cent. 
included. But it could hardly be expected that this turbine 
would give such remarkable results during a year’s operation 
under steel plant conditions. 


THEORY VERSUS PRACTICE. 


Distinction should be’made between ‘‘show tests’? and 
actual operating conditions for steam turbines as well as for 
gas engines. But when it is virtually claimed that test re- 
sults can be obtained with steam turbine plants in actual 
commercial operation, then it would be extremely unjust 
and partial—especially in the light of what has gone before 
—to withhold the same concession from the gas engine. 

It may be of interest to repeat the results of an investi- - 
gation which E. Hoeltje-Duisburg made on 27 electric sta- 
tions, 12 of which were operated by steam locomobiles, 
whereas 15 were equipped with Diesel engines. This in- . 
teresting comparison, which was published in Z. D. V. D. I. 
1909, shows that for a certain period of time the excess 
in actual fuel consumption over the guaranteed figures given 
by the builders was on an average 102 per cent. with 
steam locomobile plants and only 14.1 per cent. for the 
Diesel engine plants. 

Blast furnace: gas engines and Diesel engines are in a 
somewhat similar situation, in that the working medium 
does not have to be prepared by an intermediary process 
where losses are liable to occur, as in steam boilers and gas 
producers. And while a comparison of steam turbine 
plants and locomobile installations may not be wholly per- 
missible, it cannot be questioned that the same conclusions 
will apply in the case under discussion, although possibly in 
less degree. 

Theory and practice do not always agree. Theoretically, 
no coal should be required for raising steam in steel plants 
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where an adequate amount of blast furnace gas is available, 
but every steel man knows that this is true only so long as the 
gas will burn under the boilers. Frequently, however, blast 
furnace gas of poor quality, and particularly washed gas, can 
not be made to burn, é¢specially in winter time, without a 
more or less substantial addition of coal. 

To guard against the embarrassment of ‘‘low steam” 
which often accompanies trouble at the blast furnaces, gas 
fired boilers are usually equipped with grates, so that coal 
can be burned if necessary. This condition necessitates a 
neither pleasant nor inexpensive adjunct to the equipment of 
a steel mill boiler plant—a coal pile and a coal storage yard. 
That in such emergencies no skilled firemen are available, 
-but that every laborer who can handle a shovel is pressed 
into service so that “‘scientific’”’ firing cannot be expected, 
may be mentioned only in passing. : 

The price of steam coal is constantly increasing without 
any prospect that it will ever again decline, and the difficulty 
of moving steam coal, especially in winter time, when it is 
most needed, becomes more serious from year to year. 
During the last two years the coal price per gross ton in- 
creased in the Pittsburg district from $1.35 to $1.45 (13,- 
500 B.T.U. per lb.) in the Ohio district from $1.80 to $2.25 
(13,500 B.T.U.) and in the Chicago district from $1.80 to 
$2.25 (10,500 B.T.U.). This increase in price is accom- 
panied by a constant decline in quality, but the higher the 
price of coal climbs and the lower its quality drops, the better 
are the conditions for the gas engine. 


Net OPERATING EXPENSES. 


The operating expenses, without fuel cost or fixed charges, 
ean be subdivided into the following items: labor, repairs 
and maintenance, lubricants, water and miscellaneous eX- 
penses. 

For the Gary plant, the cost of these various items for 
the last three years of operation is shown in Table III, and 
these values are plotted in Plate I. 
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PLATE 1 = 
COST OF PRODUCING ELECTR!C POWER IN 50000 Kw. 
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TABLE III. 


Cost or Propucine BEiectric Power at Gary. 
All Cost Figures in Cents per K.W. Hour. 


’ 


1910 1911 1912 
Capacity in K.W......... | 40,000 40,000 50,000 
K.W. Hours Produced..... 116,535,000 157,742,510 286,575,000 
Use Factor, per cent...... 33.3 45.0 64.5 
Cost of Installation per 
TRV eee eeeets fee t * $88 .00 $88 .00 $88 .00 

UES 90 Say ah ae .0678 .0421 .0302 

Repairs and Maint’ance. .0366 .0305 .0273 

GD PIGAMUS aw as seicts ck .0116 .0100 . 0085 

WALES Satie, Gaiam .0074 .0057 .0036 

Miscellaneous.... . Eke’ .0064 .0153 .0128 

vi % % 

Total Net Op. Expenses.| .1298 i7| .1036 17] .0824 17.5 
IVieth TeX: GAS era cicters ce cere hak wr Seas eas . 1508 ; . 1464 
Woshor lurification 2s... al ess oe .0219 0144 
Total Cost of Purified Gas. a19515-) 25 BPA = AS .1608 34.6 
Operating Cost without 

Fixed Charges.......... .3249 42 .2763 = 45 24382 51.5 
Fixed Charges at 15%.... .4520 58 .8360 55 .2310 48.5 


Grand Total at Switch- : r 
DOATGar ett cr: ites .7769 100 .6123 100 .4742 100.0 


Unfortunately but little information has been published 
concerning the cost of producing electric power in steam 
turbine installations in this country, and while the author 
is in possession of a great deal of valuable data on this sub- 
ject, which was obtained about two years ago, he does not 
feel at liberty to use it in this paper, since it was given con- 
fidentially. 

To give an approximate idea, however, of the relative 
cost of producing electric power in blast furnace gas engine 
and steam turbine plants in this country, the costs and other 
interesting data obtained in eight steam turbine stations 
and eight blast furnace gas engine plants were averaged, 
and the results are given in Table IV. 


AMERICAN IRON AND STEEL INSTITUTE, MAY MEETING 


48 


£26 T 
02S" 
829° 


Deg 
£67" 
6G6" 


¥120°1 
096 °T 


GIG 


tS 81 


OOF'ST 


S6TS" 


Oss” 


0 6F 


§ 


IT's 


009‘TT 
eSBIOAV 


%0° O01 


%8° LF 


%G CS 


0&8'T I I I + Aout [BUUOTL JO ONY ZZ 
09g" I T T ***-goryduinsuog yeoy jooney Zz 
et es I T T Bie ey ee im Ser wife. ae 8 8, Pale ce eee, e' uorjonp 
CC e OO Me Ol Oo Ea OG 
099° T T Tay eee sg 4soQ Jen [enjoy Jo oneYy 61 
L19° I! if NO SUP Pea roe esuedxry ON Jo onvy St 
v6" I I I “(VL COTTA 130.9809 Joounvy LT 
O10'T I T I *"sesued xy 3.d0 ON Jo oney OT 
OST SG I i! I ; "S1OJOV OS(} JO OTSY GT 
168° ik i Lae eee as soryoedey yurrg joonry FT 
O16 GEL G96 6h IT “--quea aod ‘Aoueloyyy [BUOY T, ST 
000‘9% 00262 oor’ OOP OTe tie ae eran, rs SN el OE 
‘My tod uoydumsuoy 4VveyT ZT 
OS9F’ PA LUCE) a gene a he sadivyo poxy qnoyyM 
/ UOTJONPOIG AMO JO }SOD ]BIOT, TT 
IP¥G" OS6T OOS” %L°99 | 0968 7 PB J 80D - 01 
Zé OT 0c °¢ 088 OL ete Oe Ae a VOUTETAI: 39°9296) 6 
SEFC" OS80°  |0 O00T OST” Gece Ne Vay Ge ware osuedxg “dO PN [FOL = 8 
year? & age Oe A reacee 6°T C200) a) ie eo Bs eee snoaueyjoostyy 2 
ZOI0* 0zoo: |z'6 ETO: coco: ccc TEM 9 
1870" ozoo: ee 600° 9600. ccc gyuvoqnyT ¢ 
C8ST OScO° |€ Le CFO’ ORO IS te: souBueqUIeyy pue suredoy F 
T880° FEFO" 1'8¢  Z060: 9h Gn oqey ¢ 
gqL 0°01 0° GZ Somer OVI are quedo sed ‘309087 OSQ ZF 
000'0S || 000'0T 000°s¢ OO DG ld 5% WN oh eed sau 
UIMUIXB JT || UNUITUTTAY aSBIOAY UINUIIX® JA W934] uwle}] 
Vv € G T “ON 


SINVId ANIONY SV*) “WA 8 


SEINVIG GNIGuoy, WVGLG 


“MOF “AA “YM tod syuap ur sain81,J S00 [TV 
“SINVIG UHMO SV‘) GNV WVGLG NI ATMO OIMLOGIG DNIONGOUG 40 LSOD dO NOsTuvdwog 


“AI WIdVL 


THE GAS ENGINE—FREYN 49 


COMMENTS ON TABLE IV. 


Results covering two consecutive years of operation of 
three of'the eight steam turbine plants under discussion 
were available, so that eleven sets of data could be used to 
determine the averages. These plants are mostly located 
in the East, and some of them are considered among the 
best equipped and best managed power plants in the world. 
Some of the capacity figures and use factors given are 
approximate. The labor cost includes boiler room and tur- 
bine room labor, and the great variations are probably due 
to the fact that some of the stations are street railway plants. 
Maintenance includes labor and material in repairs for boil- 
ers, steam turbines and auxiliaries. The item ‘Cost of 
1,000,000 B.T.U.,” item No. 9, is an approximation in three 
cases out of eleven, because the heat value of the coal was 
not exactly known. The same observation applies on the 
item ‘‘Heat Consumption,” item No. 12. The plants under 
discussion use coals and coal mixtures of greatly varying 
quality, ranging in price from $1.30 to $3.28 per net ton. 

The gas engine installations in question belong without 
exception to subsidiary companies of the United States 
Steel Corporation. Of the ten blast furnace gas power 
plants in the Corporation, eight were included in this com- 
parison. The remaining two were omitted, because one is 
of very small capacity and the other has not been in opera- 
tion over two years. Three of the plants are located on the 
Great Lakes, four in the Pittsburgh District and one in the 
Youngstown district. For all eight plants, cost sheets are 
available, and the figures given in Table IV are the true 
averages of the costs covering three years’ operation, from 
1910 to 1912. The plant capacities were based on the maxi- 
mum continuous rating of the engines and generators. 

The item ‘‘Cost of 1,000,000 B.T.U.,” item No. 9, was 
determined by combining the price per 1000 cu. ft. and the 
average heat value per cu. ft. of purified gas, which are given 
in the cost sheets. The figures giving the heat consumption, 
item No. 12, were used just as they appear on the sheets, to 
work up the averages. There is every reason to believe 
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that the actual heat consumption of these plants is much | 
lower and the real thermal efficiency considerably higher than 
shown. If the proper corrections are made, allowing 21 per 
cent. instead of 18.5 per cent. average thermal efficiency, 
the cost of fuel (item 10, column 5, in Table IV) becomes 
.140c. per K.W. hour, since the average cost of purification 
of gas (.0433c. per K.W. hour equals 28.3 per cent. of the 
total cost of purified gas) is practically constant and in- 
dependent of the gas consumption. 

The figures given in Table IV speak their own language, 
so that further comments are hardly necessary. Attention 
is called, however, to the great difference in average capacity 
of the two classes of power plants, which should be noted 
when comparing the values in columns two and five. 

It should further be borne in mind that electric light and 
power plants of public service corporations are organized 
and operated on a different basis than steel mill power 
stations. The former serve the exclusive purpose of pro- 
ducing a commodity for sale to their customers, whereas a 
steel mill power plant is only a means to an end—an auxil- 
iary, as it were, in a vast system which is primarily con- 
cerned in the manufacture of steel and not in the production 
of power. Public service corporations employ a staff of ~ 
superintendents and engineers specially trained in this line 
of work, and the class of labor is as a rule higher and better 
skilled than that found in steel mill power plants. 

The difference in the use factor in Table IV is unques- 
tionably in favor of the steam turbine plants, as far as costs 
are concerned. But it will presently be shown that, at least 
in one instance which came under the author’s observation, 
the decrease in power production cost of steam turbine 
plants, due to a better use factor, and the increase of that 
for gas engine stations owing to decreasing use factor, are 
not as great as may be thought. 

Table V shows the actual total operating cost of a 40,- 
000 K.W. blast furnace gas engine plant and of a 49,000 
K.W. steam turbine plant, for which the use factor happens 
to be exactly the same. All items are directly comparable, 
since the fuel cost for the steam turbine plant was corrected 
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ol 


for: coal of 10,500 B.T.U. per pound at $1.80 per long ton, 
which is the basis for valuation of blast furnace gas in this 


gas engine plant. 


. TABLE V. 


Y 


CoMPARISON oF Cost or Propucine Exectric Power. 


All Cost Figures in Cents per K. W. Hour. 
8NBaquauauarqwx—X—aow—K—waoaeeewaowaeoeoq*=$=$ $n eee 


Gas Engine Plant Steam Turbine Plant 
BY GAD ie erierciaras St iateias vaieisele(ais ofc 1910 1910 
Wanacity im KW... 0. << <icce ce acs 40,000 49,000 
avs. ELours Produced... ..2<.0.... 116,535,000 142,835,000 
Use Factor, per cent............. 33.3 33.3 
Net Operating Expenses: % % 
Labor Nett 3 Acar SCS oI 0678 52.0 .0528 52.0 
Repairs and Maintenance..... 0366 28.0 .0326 32.0 
PWD TICAN ES? aoe fale aleve ste ctaleid.s\ o's .0116 9.0 .0024 2.5 
WEGEES dpetnee ee a aeneneee .0074 6.0 .0073 7.0 
Miscellaneous................ . 0064 50) . 0066 6.5 
pene, Vee oo ee, je ee 
USD UP Sa re 1298 100.0 1208 46°0| 1017 100.0 1017 28°0 
Cost of One Million B.T.U....... 9.5* 259 
PRIOIE CONE ria eis -e oc 'ccteelw ele evs © of o's -1951 60.0 .3400 77.0 
Total Cost of Power Production 
(without fixed charges)......... .3249 100.0 -4417 100.0 
Heat Consumption B.T.U. per 
PRGA PER OURS Sayevars ecourie ist oloca gists, ¢ 19,500* 35,200 
Thermal Efficiency, per cent...... 17.5* 9.7 


* Approximate. 


In this particular case—the only one available—the 
total net operating expenses of a large gas engine plant are 
27.5 per cent. higher than those of a steam turbine power 
station of about equal capacity, whereas the total cost of 
power production (without fixed charges) in the gas engine 
station is 36 per cent. lower. 

According to information received concerning this par- 
ticular steam turbine installation, the costs given in Table 
V. are probably somewhat lower than the actual costs. 
But even if perfectly reliable and correct, the difference in 
net operating expenses in favor of the steam plant is not 
nearly as great as is frequently claimed, particularly in view 
of the low use factor of 33.3 per cent. 

Referring again to the subject of use factor in connection 
with Table IV, circumstances could hardly have been more 
unfavorable for obtaining fair average figures on blast fur- 
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nace gas engine plants than those existing in the years 1910 
and 1911, on account of the unsatisfactory condition of the 
iron and steel trade in this country. The average use factor 
for the eight gas engine stations under discussion was 46.3 
per cent. and 46.8 per cent. in 1910 and 1911 respectively. 
In 1912 it rose to 54 per cent. with the result that the cost 
figures for these plants were substantially improved. 

This is shown in Table VI, from which it will be seen 
that the average net operating expenses for 1912 were 9 per 
cent. better than those given in Table IV, and that the 
average total cost of power production (without fixed charges) 
improved 6.3 per cent. 


TABLE VI. 
AvEerAGE OprraTine Resuits or 8 Buast Furnace Gas ENGINE PLANTS 
For 1912, 
All Cost Figures in Cents per K.W. Hour. 


Average: Plannin © spacl ty Tv dIN mV yi cesta totter eee tecnica 11,600 
Acyerage se HactOr, DOT COM Un kre st atrcrcis Rent annette tae 


Average Net Operating Expenses: % 


3 
Repairs and Maintenance......... .0726 47. 
LL TIDTICAN ES, ket ro eee acs ee .0104 GE 
Wia tele m,n. ciel, norte ee een .0068 4 
0 


SPotallige Senos fees ckstencusheat vee eee .1514 100.0 1514. 50.6 


Average Cost of one Million B.T.U., in 
“§ Cents Ee ee et 7.89 
verage Cost of Fuel. .:...........%> .1480 49 
ee Lee ae of Power Produc- — Pale: 
tion (without fixed charges)........ . 2994 
Average Heat Consumption B.T.U., nt 
Pers WeeOUT as tone eure newts 18,450 
Average Thermal Efficiency, per cent. i 18.5 


ADAPTABILITY OF Gas ENGINES TO SteEL Miu. Loaps. 


Load conditions in steel mills are generally quite favor- 
able for gas engine power plants, because such enormous 
regular peak loads as in railway and lighting plants do not 
occur. The connected load can therefore be greater since 
the daily load factor, i. e., the ratio of average load to maxi- 
mum (peak) load, is smaller. With gas engines it is easier 
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than with steam turbines—unless a large number of smaller 
turbo-generators are installed—to arrange for an adjust- 
ment of the power supply to suit the varying power demand 
of a steel mill, by operating the least number of engines at 
maximum load. “ 

In the case of gas engines, the total plant load is divided 
into smaller units in the power house, so that gradual fluc- 
tuations of the use factor can be followed more closely with- 
out operating the engines at partial load. In other words, 
it is easier with gas engine plants to maintain economical 
operation in spite of reduced use factor. 

It would have been perfectly fair to contrast in Table 
IV the results of one year’s operation of the eight steam 
turbine plants with those of the eight gas engine installations 
for 1912, when only eight sets of data should have been used 
for averaging in either case. But this suggestion was re- 
jected purposely, to avoid any criticism of partiality for the 
gas engine plants. It hardly requires special mention that 
the values given in columns 1, 3, 4 and 6 of Table IV have 
no relation whatsoever to one another, since they do not 
pertain to any one plant in particular, but are merely the 
maxima and minima appearing in the original information 
sheets. 


Gas BLOWING ENGINES. 


As far as the question of gas blowing engines versus 
steam blowing engines or turbo-blowers is concerned, it has 
been pointed out that it is desirable in a steel plant to ob- 
tain as much surplus gas as possible, to avoid firing of coal 
for raising steam. Since the gas engine uses only about 
one-half of the quantity of gas which would be required by 
steam blowing equipment, the advantage of using gas blow- 


ing engines in a modern blast furnace and steel plant is 


manifest. The service of furnishing wind for the blast fur- 
naces (and Bessemer Converters) is an ideal one for the 
gas engine. 

Up to the present, but few turbo-blower installations 
exist in this country, and no data are in the author’s pos- 
session as to such plants in actual service, which could be 
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used for comparison with gas blowing engines. Some very 
interesting information is, however, available, which permits 
a comparison between reciprocating steam blowing engines 
and gas blowing engines in five blast furnace plants in this 
country. 

While it must be admitted that some of the steam blowing 
equipment is not new, it will nevertheless be surprising to 
learn that the average total cost of blowing blast furnaces 
with gas blowing engines was 53.7 per cent. or a little more 
than, one-half of that with steam blowing engines, all charges 
except fixed charges included. The average heat con- 
sumption of the gas blowing engines in these five plants in 
1912 was 30.5 per cent. of that of the steam blowing engines, 
and the average thermal efficiencies of steam and gas blow- 
ing engines had the ratio of 1: 3.27. 

The average saving of five gas blowing engine plants 
over five steam blowing engine installations was $2.52 per 
“blast unit” (1,606,140 cu. ft. of air at 15 Ibs. pressure). 
The importance of this saving will be more appreciated when © 
it is stated that the total actual cost of blowing the eight 
Gary blast furnaces with gas blowing engines averaged—in 
1912—only $2.87 per blast unit. Of this cost, 35 per cent. 
or $1.00 represents net operating expenses, and 65 per cent. 
or $1.87 the cost of purified gas. : 

In a four-furnace plant, where the gas consumed by gas 
blowing engines is actually measured by Venturi Meters, 
the average gas consumption per blast unit in 1912 was 
16,550 B.T.U. corresponding to an average thermal efficiency 
of approximately 20.6 per cent. 

At this opportunity certain statements made in the dis- 
cussion by C. J. Bacon and the author on Mr. Richard H. 
Rice’s paper on ‘Commercial Application of Turbine Turbo- 
Compressors” which was published in volume xxxiii of the 
Transactions of the American Society of Mechanical Engi- 
neers, should be rectified in the light of recent experience. 

In that discussion the total probable expenses, including 
fuel, operation and fixed charges for turbo-blowers and gas 
blowing engines were calculated for a certain case. It is 
a pleasant duty to state that the assumptions upon which 
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these calculations were based are fully upheld—at least as 
far as gas blowing engines are concerned—by the results of 
actual operation which are now available. 

The thermal efficiency of gas blowing engines at the 
shaft used in the discussion referred to, was 21 per cent. 
And it will be noted that the actual figure obtained in one 
plant by Venturi Meter measurement was 20.6 per cent., 
which certainly is a very close approximation. 

The cost of installation for slow-speed blowing engines 
for four 500-ton blast furnaces was estimated at $1,610,000. 
The actual cost of installation of such a plant, if based on the 
Gary figures, given in Table II, would have been only about 
$1,552,000 for four blast furnaces. 

The estimated operating expenses given in the discus- 
sion of Mr. Rice’s paper total $0.97 per million cu. ft. deliv- 
ered, while the actual net operating expenses of the Gary 
gas blowing engines for 1912 were $0.74, or 23 cents lower. 

It is gratifying to record that the actual figures obtained 
in commercial operation were in nearly every instance lower 
than the estimated, as will be seen in Table VII. 


TABLE VII. 


Net Cost or OPERATION oF GAs BLowina ENGINE INSTALLATIONS. 
Cost in Dollars per Million Cu. ft. Delivered. 


nT 


ItpM EstIMATB AcTUAL GARY 
(Bacon & Freyn) 912 

Pee ee eS ee 
@ost ome Puricationcer.. crite last lee oe $0.235 $0.135 
UG Wess co Selon eo ou Beweneee ppememes hg .282 ; 
Repairs and Maintenance...........-. .268 .140 
AA PIC ATU Ae Pee toe chelate aisie a eisiey=rnckos .110 .067 
Tools and Miscellaneous Supplies...... O11 .008 
WiGniSiec Aile sloGQe 0 HERO RUDD or nine aan .059 \ 070 
iM eciasto Ueto eon od oS vite ole GU omuicrere .005 

ota lees te iat oe Oe ee ee $0.970 $0.738 
ee ee 


The difference of 23 cents per million cu. ft. reduces the 
total expenses, including fuel, operation and fixed charges, 
given in the aforementioned discussion, by an equivalent 
amount, thereby lowering to about $0.06 per million B.T.U., 
the “critical fuel cost”? at which a: turbo-blower installation 
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is commercially equivalent to a slow-speed gas blowing 
engine installation. 

With coal at $1.45 per gross ton in the Pittsburgh district, 
the cost of gas per million B.T.U. is $0.048; in Ohio $0.078; 
in Illinois and Indiana $0.10. In the light of the statements . 
made in the first part of this paper, the critical fuel price 
will, however, be very much lower if the entire available 
quantity of blast furnace gas is used for power generation, 
because this critical fuel cost is then determined exclusively 
by the difference in thermal efficiency, cost of installation 
(at equal percentage rate for fixed charges) and total net 
operating expenses between gas engine and steam turbine 
equipment. This critical value is in this case defined as 
that cost of the equivalent coal per million B.T.U. which 
corresponds to the sum of the excess cost of fixed charges, 
and net operating expenses of the gas engine installation. 

In the case of the steel plant at Gary, discussed previ- 
ously, and with the assumptions regarding thermal efficiency, 
cost of installation and operating expenses made on pages ~ 
24 and 25, this critical fuel price is $0.0178 per million B.T.U. 
In other words, Hlinois coal of 10,500 B.T.U. per pound 
would have to cost $0.42 per gross ton at Gary to reduce | 
the saving, due to the installation of gas engines, to nothing, 
and to make a steam turbine installation commercially equiv- 
alent to the existing gas engine installation. 


LABOR. 


The values given in the various preceding tables give a 
fair idea of the labor cost in blast furnace gas engine plants. 
It will be noted that the labor cost per unit of power is not 
excessive compared with that of steam plants, if the boiler 
house labor is included in the latter. 

The number of men employed in blast furnace gas engine 
plants in this country is a good deal smaller than in Europe. 
This statement is borne out by the fact that the labor cost 
per K.W. hour in German plants is practically the same as 
in this country, whereas it is usually claimed that on account 
of lower wages and better skilled labor, this item should 
be materially lower abroad. 
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In three of the largest gas electric power stations in this 
country, the operating force consisted in 1910 of the fol- 
lowing men: 


OPERATING, FORCE FOR 24 HOURS. 


z a P 
oe ‘ ce by mn n o u 
A i o=Ee = 2 8 8 En a a g Bat 5 
~— q 2 “fp A = a m ae S Dé 336 
Ay “4 Po qd 3 4 “or =I us ©) a lone 
Se a aces i) oo o bs : Hi Pp 
ke 2 3s A | @ EI A I ne = Qe 1S) ae 
ee ee ee a es eS 
el ee < as eI =O Z oe | BAK 
Q oS 
S| | A 5 a ape = $ | 22 |8 4 
13) a | 
| 
1 |40,000 | 17 1 4 orl ee re ae a4) 
2 | 11,400 % AMAL) 22 4 Spe eo 16% ai | #F 00 
3 | 9,000; 4 % fo ae 4 8 2 13 34 8.30 
if 


The class of labor is frequently not very high and the 
majority of the men had no previous experience, so that as a 
rule operators have to be developed in these power plants. 


REPAIRS AND MAINTENANCE. 


More or less trouble with gas engines was experienced in 
this country in the beginning, but it should be remembered 
that the experience of the past is not necessarily a forecast 
of the future. It would be foolish to look back on former 
unfavorable experiences so intensely that the view of the 
actual present and vision of the promising future is lost. 

The gas engine in this country is of quite recent date. 
And it so happened that extraordinarily large orders for gas 
engines were placed with American Gas Engine Manufac- 
turers at a time when but little experience existed. Ameri- 
can manufacturers did not, therefore, have as much time for 
the gradual development of the gas engine as their colleagues 
across the water. Thus it was unavoidable that difficul- 
ties, occasioned by structural weakness of certain engine 
parts, could not be overcome as promptly as would have been 
desirable from both the manufacturer’s and the purchaser’s 
standpoint. 

Defects in design which appeared on one unit naturally 
multiplied with additional units installed at the same time, 
because all were built according to the same drawings and of 
the same material. 
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It would indeed be very unfair and absurd to deduce 
from experiences with broken piston rods that all gas engine 
piston rods taken individually and collectively are doomed 
to break. In fact, during the last five or six years not one 
single instance of broken piston rods on all the hundreds of 
gas engines in Europe is on record. 

The soft material formerly used on gas cylinders 
caused excessive wear and necessitated frequent reboring. 
But since hard cast-iron liners were adopted, this trouble 
has been entirely overcome, and the wear of gas cylinders 
and piston rings is now so small that it is hardly measurable 
after several years’ operation. ; 

It should be remembered that the development of the 
steam engine and steam turbine was accompanied by similar 
difficulties, and the financial loss caused by ‘“‘blade salad’’— 
as the shedding of blades is graphically called in Germany— 
was very great in the earlier days. Indeed, even to this day 
this disease is not entirely cured, if my information on the 
subject is correct. 

The German iron and steel masters have long ago reached 
the conclusion that the modern gas engine is just as reliable 
as the steam engine, and have voiced this opinion many © 
times before engineering societies and in the technical 
press. 

Since by far the greatest amount of trouble experienced 
in this country with gas engines is by no means inherent with 
them, but was largely caused by lack of knowledge and ex- 
perience on the part of designers and builders, it would be a 
dire mistake to conclude that it is unsafe to proceed with the 
installation of gas engines and to wait. ‘until they are more 
reliable. ”’ 

It lies in the very nature of things that “perfection can be 
gained only by perfection,”’ and it is as much the duty of the 
gas engine user as it is that of the gas engine manufacturer to 
do his share in this perfection. It would be unjust—and in- 
deed impossible—to require the manufacturer to shoulder 
alone the burden of development, which eventually will bene- 
fit the consumer in a much greater measure than the manu- 
facturer, because an increased demand for gas engines will 
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bring a greater supply and a keener price competition among 
gas engine builders than exists even today. 

It is a fact that in the beginning gas engine manufacturers 
in this country did not sufficiently heed the lessons which 
costly experience had taught their European fellow-manu- 
facturers. At that time the well-meant efforts of their cus- 
tomers to create an American gas engine type as good and as 
strong as it is possible to build it, caused the engine builders 
to design their engines so heavy that today our American 
gas engines weigh nearly 50 per cent. more than the Euro- 
pean type. 

As to the actual repair and maintenance cost of large 
gas engine plants, it will be seen by referring to Table III, 
that during the past three years this item at the Gary plant 
was 28, 29.5 and 33 per cent. respectively, of the net total 
operating expenses without fuel and fixed charges, for use 
factors of 33.3, 45 and 64.5 percent. Clearly this percentage 
must somewhat increase with increasing use factor, on ac- 
count of higher loads carried and longer hours of operation. 

Referring to the comparison in Table V of the cost of 
producing electric power of a gas engine and a steam turbine . 
plant of about the same capacity and of equal use factor, it 
will be seen that the total maintenance expense in the latter 
plant amounts to 32 per cent. of the total net operating ex- 
penses against 28 per cent. in the gas engine plant, and 
further that the absolute values per K.W. hour show but very 
little difference in favor of the steam plant. 

In a number of steam turbine plants of greatly varying 
capacity, in this country, the percentage of the total repair 
and maintenance cost per K.W. hour averages 27.5 per 
cent. of the total net operating expenses without fuel and 
fixed charges, as will be seen when referring to Table IV. 
The detail percentages for eight steam power plants of ca- 
pacities ranging from 10,000 to 126,000 K.W. with an 
average of 55,000 K.W. maximum continuous rating, having 
use factors varying from 10 per cent. to 33.3 per cent. with 
an average of 25 per cent. are: 23, 11.5, 22, 23, 33, 40, 33, 
32, 33.5, 31 and 32 per cent. 

The corresponding figures applying on eight American 
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blast furnace gas engine plants, varying in capacity from 
1500 K.W. to 50,000 K.W., (average 11,600 K.W.) and 
_ having use factors of 22 to 71.5 per cent. (average of 49 per 
cent.) were for three years’ operation as follows: 


Capacity K.W. 1910 191] 19025 
ey Per Cent. Per Cent. Per Cent. 
40,000-50,000 28.0 29.5 33.0 
11,400 50.5 51.0 61.0 
9,000 31.0 35.5 41.0 
9,000 50.5 64.5 60.6 
5,000 34.5 21.5 17.0 
4,500 38.0 ales) 43.5 
2,500 55.0 50.5 Sas 
1,500 2.5 48.0 51.0 
Average, 11,600 42.5 41.5 45.5 
Average for three years’ operation............ 43% 
Average Use Factor........ 46.3 46.8 53.9 
Average for three years’ operation............ 49.0% 


Comparison of these figures shows that the average per- 
centage of repairs for eight gas engine installations is just 
50 per cent. higher than the average percentage for eight ~ 
steam turbine plants. This is not surprising if the ratio of 
use factors (1:1.96) and of plant capacities (1:0.21) is con- 
sidered. ; = 

That some of these percentages are very high in several 
plants has a number of good reasons. The repair costs con- 
tain, for instance, replaced piston rods and defective gas 
cylinders, an expense which will largely be avoided in the 
future. At any rate, these figures, especially those in Table 
V, show that gas engine repair costs are not ‘twice or three 
times as high as those of steam turbine plants,’’ as is fre- 
quently claimed. 


LUBRICANTS. 


Little can be added to the information which is given on 
this subject in the preceding tables, although it may be 
pointed out that in many gas engine plants in this country 
a high priced gas cylinder oil is still in use. Experience has 
shown that such expensive oils of great specific gravity and 
high flash and fire points are unnecessary and even harmful 
if they contain too much carbonaceous matter. Lighter oils 
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of considerably cheaper grade, which are burned in the gas 
cylinder without leaving any residue, are by far preferable 
and work entirely satisfactorily, especially in gas cylinders, 
bushed with hard cast-iron liners. 


WATER. 


The unit cost of water varies greatly with the location 
of the plant, so that the figures giving the cost of water for 
gas engine and steam turbine plants are not directly com- 
parable. 

Much can be done in gas engine practice in the future to 
reduce the cost of cooling water by using more care and by 
operating at higher temperatures. The question of cooling 
water will be of much greater importance when in the future 
the heat rejected in the cooling water and exhaust gases will 
partly be recovered. 

The author made the statement some time ago that at 
least 12 per cent. of the power produced in gas engines is 
available from the waste heat to operate low pressure steam 
turbines, and he is pleased to state that he found that at 
the Cockerill Works at Seraing a number of 1500 H.P. blast 
furnace gas electric engines are now equipped with waste 
heat boilers, designed by Mr. Leon Greiner, which actually 
produce sufficient steam day and night to generate in low 
pressure steam turbines an amount of power equivalent to 
13 per cent. of the original capacity of the gas engines. 


An ENcouRAGING OUTLOOK FoR GAS ENGINES. 


The figures and facts presented in the preceding pages 
were taken from actual records of blast furnace gas engine 
and steam turbine installations in operation in this country. 
While the results obtained with gas engines are highly satis- 
factory and gratifying and should reassure the iron and steel 
masters of this country concerning the economic advantages 
of the gas engine for their purposes, they are by no means 
the latest word in gas engine practice. The new “‘scaveng- 
ing and surcharging”’ system which was recently devised and 
patented, and which is applicable on new as well as on exist- 
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ing four-cycle gas engines, promises to fairly revolutionize 
future gas engine methods. 

This system has been in successful use for nearly two 
years in a number of plants abroad and its application has 
made possible an increase of the mean effective pressure and 
capacity of gas engines of given cylinder dimensions, of 25 
per cent. and 35 per cent. above the original rating. This’ 
increase takes place without raising the initial pressure or 
the temperatures of the gas cylinders, pistons and cylinder 
heads above their present values, so that no additional 
stresses are placed on the parts exposed to the pressures and 
temperatures of the working cycle. This increase in capac_ 
ity results in a corresponding decrease in weight and cost 
per horse-power of the gas engine and the fixed charges of 
a power plant equipped with scavenged gas engines are thus 
materially reduced. Moreover, the net operating expenses 
are lowered while, incidentally, a better fuel economy is 
obtained. 

The reduction in first cost which affects not only the 
gas engines themselves, but also the items “‘buildings,’’ 
“foundations,” ‘electrical equipment,” “piping,” etc., will 
be over $8 per K.W., so that the first cost of a blast fur- 
nace gas engine plant will, in the future, not be a great deal 
higher than that of an equivalent steam turbine plant, 
including boilers, condensers and other auxiliary equipment 
essential for economical operation of the steam power 
installation. 

This scavenging and surcharging system, the utilization 
of the heat now rejected in cooling water and exhaust, 
together with the improvements in design and construction 
which experience has taught, make the future of the large 
gas engine look brighter and more promising than ever. 

If this contribution to the knowledge of the performance 
of our present gas engines should benefit the future develop- 
ment of this economical prime mover in this country, the 
author would consider that he had fulfilled his object in pre- 
senting this paper before our Institute. 


THE GAS ENGINE IN MODERN BLAST FURNACE 
AND STEEL PLANTS. 


ARTHUR WEST 


Manager Power Department, Bethlehem Steel Company, 
South Bethlehem, Pa. 


The facts and figures presented by Mr. Freyn are most 
interesting and valuable, and I take pleasure in supple- 
menting his data, as far as may be, by means of information 
which has become available in our experience at Bethlehem. 

One of the factors mentioned by Mr. Freyn will have 
an increasingly important bearing on the question of pro- 
duction of power. The rising price of coal makes it more 
and more imperative that means be taken for decreasing 
the quantity required. Judging by the experience which 
all of us have had for a number of years back, the price of 
coal will, in all probability, continue to increase, at least at 
the rate that the past few years have indicated. Mr. 
Freyn’s figures show in two years the following percentage 
of increase: 


Pha oudiy ID sul sogagcon Uae en eo Bone Obonoro DEON. T%% 
(OlNG) DDEESTE Radian steers BGS Sei Ope EOC aR NCS 124% 
CliteeGnd DikjasGincoes nein Pose eee ade see oortinc ones ro 124% 


Our experience in the Lehigh Valley indicates that the 
increase in the price of coal is at least as high a percentage 
as any of those named. The higher the price of coal, the 
less we can afford to burn it under boilers. This price of 
coal, of course, regulates the commercial application of 
blast furnace, coke-oven and other by-product gases, in- 
asmuch as the gas is worth what it would cost to produce 
the same amount of heat or power with coal at the current 
market price. The rising price of coal tends continually to 
favor gas engine costs as compared with steam turbine 
‘costs. Our fuel price condition in America approaches year 
by year more and more nearly to that existing in Europe. 
This is the reason that gas engines began in Europe before 
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they started in America. The higher price of coal is the 
cause of the very generally increasing use of the gas engine 
in Europe mentioned by Mr. Freyn. Similar conditions 
must produce similar effects here. 


CoMPUTING DEPRECIATION. 


I desire to agree very heartily with Mr. Freyn on his 
remarks on depreciation rate. The modern manufacturing 
plant maintains its machinery in thoroughly good repair, so 
that when the time comes that the machinery in question 
has been designed out of existence, all working parts will be 
found in nearly as good shape as when new. The cost of 
thus offsetting wear and tear of power machinery is carried 
as “‘repairs and maintenance” and forms part of the legit- 
imate operating. costs. The question of what term of 
years should be employed in writing off a given plant is a 
question only of making an estimate as to the chances of 
improvement in power machinery to such a degree as to 
make it commercially desirable to replace it with a new. 
layout. This operating has nothing whatever to do with 
the cost of repairs. Such repairs, whether high or low, 
should show exclusively as operating costs. _ An instance of 
the mechanical condition of blowing machinery which is ~ 
being taken out on account of obsolescence, is that of the 
horizontal steam blowing engines built for our own plant 
by Mr. John Fritz. These were most excellent engines and, 
after almost fifty years of use, were as capable of blowing 
the furnaces the day they were finally shut down, as when 
they were first started in operation. The cost of keeping 
them in this mechanical condition was carried as an operating 
expense and the reason for removing the engines was, not 
that they were worn out, but that it was economically 
necessary to replace them with gas engines. It is an inter- 
esting incident that the last of these Fritz blowers was shut 
down for the last time on the day that Mr. Fritz died. 
The only just way of reckoning power costs is to charge the 
prime mover with the actual cost shown by experience and 
to charge entirely as a separate consideration a sum against 
the cost of power sufficient to accumulate a reserve, which 
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will replace the equipment when it is designed out of existence 
in the period of, say, 10 years. The turbine is at least as apt 
to be designed out of existence in 10 years as is the gas 
engine. In my personal judgment, the turbine is much 
more apt to become obsolete than is the internal combustion 
engine, both because there is a bigger theoretical field for 
improvement in the gas engine than is thermally possible 
in the steam turbine and because of the rising price of 
coal. 

Referring to Table I in Mr. Freyn’s paper, I desire to 
add the following data in Table A, from our own electric 
power house in Bethlehem. The figures for K.W. and 
B.H.P. Maximum Continuous Rating are calculated upon 
the basis given by Mr. Freyn. 


TABLE A. 

VASE SE NOES a a Becta ccraie +t 

Giapacinye Ke Wer Nia (Comb. AGING is «fle, ows Sers ponte coun ele Do e's ere 6589 

Capaethys bvriseMaxe Conte Rating.) o.c. soa ocs. 2h cas soaeaeee sas 9290 

Cost of Installation per K.W.: F 
Buildmesvand Hngine Mquipment, «.\...6.<0s0h 26 tees ees $62.00 
Gage leanimoneambror wc cctet ae icletes sre eo ian Sha eco hs eae 6.06 
Power Plant Complete per Kew © 22. 2< ccc o20 be bee oe whee es $68 . 06 


The above engines drive generators of the direct current 
type and the engines, while built by the Bethlehem Steel 
Company, are put in at current selling prices. 


COMPARATIVE Costs OF INSTALLATION. 


In connection with Table II, I desire to submit below, 
Table B, which gives a comparison between the cost of in- 
stallation of blast furnace gas blowing engines for an eight- 
furnace plant as described by Mr. Freyn in Column 1, 
Table II, with the cost of installing a similar eight-furnace 
blowing engine plant, based upon the actual cost of our own 
four-furnace blowing engine plant at Bethlehem. It will be 
seen that there is a very large difference in first cost. This 
is due to the fact that the plant described by Mr. Freyn in 
Column 1 was designed to blow a furnace with a twin 
blower and a half, that is to say, each furnace requires the 
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use of six gas cylinders and three blowing tubs. The plant 
which we have in operation at Bethlehem is designed to blow 
one furnace with two independent single tandem gas blowing 
engines. In this case each furnace requires the use of only 
four gas cylinders and two blowing tubs, or only two thirds 
of the blowing apparatus required at the plant described in 
Column 1. We have for upwards of a year been, blowing 
five furnaces with a total of nine single blowers. ‘The cold 
blast piping is so arranged that any two single blowers can 
be operated on any furnace. With nine single blowers for 
four furnaces there is therefore one spare engine. It has 
been our experience that this spare capacity is entirely 
adequate. This is practically proven by the fact that we are 
now installing in the same power station two more single 
blowers, the purpose being to operate five furnaces with 
eleven single blowers, thus keeping only one spare out of 
eleven instead of one spare out of nine. In Table B, which 
I am appending below, we have figured on installing eighteen 
(18) single blowers for eight furnaces, thus providing a spare 
capacity equal to what we have found in practice to be 
quite sufficient and more than we will have at Bethlehem 
when our fifth furnace goes into blast. The sizes of the | 
furnaces in question are from 450 tons to 500 tons in twenty- 
four (24) hours, the same as the furnaces of the United 
States Steel Corporation at Gary. 


TABLE B. 


Column No. 1 


Column No. 6 
as per Mr. H. J. Freyn (Gary) 


(Based on Bethlehem Costs) 


No. of units installed.......... 


b : 16 twin blowers 
Total displacement of operating 


18 single blowers 


engines, cu. ft. per minute... 360,000 360,000 
Per Cu 
Investments for eight Money ins Money eke 
furnaces in: Cost Displ Per Cost Displ. Per 
of Op ent. of Op. | Cent. 
Engines Engines 
SA = Bigildingdiy aaa sare ere $ 330,000 $ .92 OCT 204,000 
“B”—Engine equipment... . 2,580,000} "7:18 | 83.1 || "1.440000 | *41000 | 82° 
C”—Gas cleaning plant...... 195,000 .5O4 6.2 00,000 278 5.7 
EDoualat te vcinsetcteretsueconctcs neat, c ae $3,105,000 $8.64 | 100.0 $1,744,000 | $4.845 | 100.0 
Percentage of investment...... 100% 56.1% . 
Total investment per ton of pig 
iron produced yearly..... $2.588 $1.454 
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Note: The Bethlehem figures for buildings include 
building foundations, exhaust tunnel, exhaust stack, travel- 
ing crane, etc. Those for engines include engines, founda- 
tions, and all piping, etc., in engine house erected complete, 
the engines put in at the current selling price. They also 
include the cost of a 4,000 H.P. producer plant for starting; 
the producer gas is to be cleaned by furnace gas cleaning 
plant. The figures for gas cleaning plant include buildings, 
foundations and crane for Theisen washers and are all based 
on actual costs at Bethlehem to produce our existing plant. | 
As mentioned by Mr. Freyn, it is probable that the cost of 
purifying furnace gas will be very much reduced, due to a 
number of new devices which are now in process of com- 
mercial trial. In any case, the cost of gas cleaning will not 
be more than that given and may be very much less. 


COMPARATIVE Costs oF CERTAIN PRODUCTS. 


In: connection with Mr. Freyn’s Table VII, I desire to 
submit Table C, which will be interesting as showing com- 
parative costs per million cubic feet of blast and per ton of 
pig, assuming that in both cases eight furnaces produce 
1,200,000 tons of pig per year. Our Bethlehem results are 


TABLE C. 
Costs PER MiLuion Cv. Fr. 
Busser Cost par Ton Pia 
Bethlehem Bethlehem 
Results, Dec. Results, Dec. 
Gary Results} 1, 1912, to Gary Results 1, 1912, to 
1912 Apr. 30, 1913 1912 Apr. 30, 1913 
H.J.F. |(Corrected to HH: J: FE: (Corrected to 
Gary Cost Gary Cost 
of Gas) of Gas) 
Purification of gas......... $0.201 $0.151 $0.0289 $0.0217 
Wa DOFcry sieve, = Be tetiectiie 0.282 0.257 0.0406 0.0370 
Repairs, cy ey lubri- 
cants and miscellaneous 
BUPPLESicicilels else tele > « Fa 0.279 0.265 0.0402 0.0381 
Water, electric power, works 
aS ania eae ee 0.076 0.058 9.0109 0.0083 
Total, excluding gas...... $0.838 $0.731 $0.1206 $0.1051 
Gas at Gary cost basis (coal 
$1.80 long ton, 10,500} (Assumed) (Actual) | (Assumed) (Actual) 
ESS) ste eecioteztathie aieva'ciee $0.760 $0.760 — $0. 1094 $0. 1094 
Total operating eharge®: a $1.598 $1.491 $0. 2300 $0 .2145 
5 t ton of pl 
inves 8B) a eT i : arecos te PMI ae eaioe $2.588 $1.454 
3 , pee 
OE Ns ie oy ea 80.388 $0.218 
Total as per ton of pigs 
2 f “i o 
ee ee $0.618 80.4325 


ae 
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based on the last five months’ operation, because it is only 
since then that it has been possible to segregate our costs 
in the necessary manner. The costs for the year will be less 
than the first five months’ average shown, because each 
month of the five shows a slight but consistent decrease as 
compared with previous months. 


ADVANTAGES OF SINGLE BLOWERS. 


In comparing the above Table C with Table B, which I 
submit in connection with Mr. Freyn’s Table II, the practi- 
cal advantage of operating an eight furnace plant with single 
blowers becomes at once apparent. In the first place, there 
is a saving in first cost of the plant of $1,361,000 as compared 
with a plant equipped as described in Mr. Freyn’s Column 
1, Table II. This tremendous saving in first cost is obtained 
without the sacrifice of safety or convenience. The cost of 
engine house, engine foundations, etc., is very much less 
when we have to provide for only 18 singles as compared 
with 16 twins. The operating and repair labor per ton of 
pig are also much smaller, as will be seen from the table. 
It is not hard to see why the cost per ton of pig is smaller 
when one realizes that the equipment for eight furnaces 
when blown with 16 twin engines is 64 gas cylinders and 32 
blowing tubs, whereas when the same eight furnaces are 
blown with 18 single engines there are required only 36 gas 
cylinders 45x60’ against 64 gas cylinders 42’’x54’”, the 
blowing tubs being 18 as against 32. The great decrease 
in first cost also makes a similar saving in fixed charges, and 
altogether we believe there can be no question as to the com- 
parative desirability of the two types of blowing engine 
plants. We have had considerably more than a year’s expe- 
rience in operating our plant with single engines in the man- 
ner described, and we have found that the arrangement 
leaves nothing to be desired from the operating steel man’s 
point of view. 

As above stated, nine of these single blowers are in 
operation and two more are being installed at our own 
plant; and, as of course the officials here of the respective 
companies know, there are now under: construction five 
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single blowing engines of this type for the Minnesota Steel 
Company and five more of the same size for the Maryland 
Steel Company. These are the only single gas blowing 
engines in the United States now in operation or under con- 
struction, and we believe the adoption of this system has 
gone a long way towards solving the question of reducing 
the capital investment for this kind of work. 

When blowing a furnace with the engines in question 
at Bethlehem, the speed is 73 to 75 revolutions per minute. 
The Minnesota Steel and Maryland engines, being slightly 
larger, the average speed will be roughly 65 revolutions per 
minute. The speed was not cut down because there was 
any difficulty whatever experienced with the speed of the 
engines at Bethlehem, but merely because the size of the 
blowing engine unit became then the same as a convenient 
electric unit, a number of which we now have on order, the 
rating of each unit being 3,000 K.W. 

That 75 revolutions is a safe and practical speed for such 
blowing engines is best proven by the Bethlehem actual 
labor and repair figures given in Table C. 


Gas ENGINES vERSUS TURBO BLOWERS. 


Perhaps a few rough figures would be of interest in 
regard to the relative commercial advisability of utilizing 
the surplus furnace gas in the modern steel plant by means 
of gas blowers and gas electric engines vs. turbo blowers 
and turbo electric generators. These figures only give a 
different angle to the same problem which has been dis- 
cussed by Mr. Freyn in so interesting a manner. I have 
supposed that in any steel plant, all the surplus power which 
could be made, after taking care of the furnaces, was either 
sold at a fair price, or, if used in the plant itself, was charged 
to the department using it at the same price as if it were 
sold to an outside consumer. Such price per K.W.-hour 
would, therefore, constitute a proper credit to the cost per 
ton of pig iron made, whether the power be used directly 
in the mill, or sold. This is the method followed by us at 
Bethlehem as well as in the majority of the large continental 
steel plants, where, as mentioned by Mr. Freyn, the power 
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is invariably sold to an outside consumer, if the steel plant 
does not itself require it. 
Starting with the data used by Mr. Freyn: 


Figures on best use of furnace gas in any blast furnace plant: 


Gas generated per ton of pig........-.---++-++8+ 150,000 cu. ft.—95 B.T.U 
Gas used by stoves per ton of pig 40%........... 60,000 “ ee 
Remaining gas available for power of all sorts, per 
WOON Mrs cod ongin hood mogashoocétdstacad 90,000 “ * 
Per Ton of 
Pig. 
Gas per ton of pig, consumed by gas blowers..............--- 17,700 cu. ft 
Gas electric driven furnace auxiliaries (17% of blower horse 
AO go Dic oes Pte Oe oe tenor Santen tt statu eee 3000 see? 
Remainder available for gas electric power............+-----> 69,300 “* “ 
90,000 “ “ 
G : 16,200 
as per K.W. hour, based on Gary results..... 95 BYL.U. = 170 cate: 
69,300 


= 406 K.W. hrs. 


Gas electric power available per ton of pig, 170 
By Gary results one K.W. hour can be made for 4.74 mills per hour (Gn- 
cluding fixed charges and including gas at the 


comparatively high Gary price). 


It is fair to assume that this power is worth either if 
used in plant or if sold (including operating and 
fixed Chat'ges)icec..ccot « aciccee rN suerte teres 7.75 mills per K.W. hr. 


Profit per K.W. hour over and above total cost (in- 
cluding tixedachar pes) aa = raas tree einer 3.01 mills per K.W. hr. 


Power credit per ton of pig, 406 K.W. hr. X $.00301 = $1.218 per ton of 
pig. 
Now suppose that turbo blowers and turbo generators 
be used exclusively: 
B.H.P. hours per ton of pig with turbo blower at 2900 B.H.P. per furnace = 


2900 X 8 X 24 
aaa ee 154.5 B.H.P. hours. 


B.T.U. per B.H.P. hour at 104% thermal efficiency = 24250 B.T.U. per 
B.H.P. hour = 255 cu. ft. gas per B.H.P. hour. 


It should be noted that the above thermal efficiency of 
104 per cent. is extremely high and depends upon the main- 
tenance of a very high vacuum, superheat, and boiler 
efficiency which I do not believe would be realized in ordinary 
everyday steel mill operation. We have, however, taken 
this efficiency at its maximum. | 
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Cu. ft. per ton of pig used by turbo blowers = 255 cu. ft. gas per B.H.P. 
hour X 154.5 B.H.P. hour = 39,400 cu. ft. gas per ton of pig. 
B.T.U. per K.W. hour used by turbo generators at 1014% thermal efficiency 
3410 
Satie 32,500 B.T.U. per K.W. hour, equal to 342 cu. ft. gas per 


K.W. hour. 


Then the gas account for a turbo driven plant would 
be as follows: 


Cu. ft. per ton of pig used by turbo blowers................. 39,400 cu. ft. 
Cu. ft. per ton of pig used by turbo electric driven furnace 
AUPAUTALIER peel GG cOL ADOVEs ae = eiafc cree aie eels) cig ow idrscs a ates eta 65400) 
Remainder per ton of pig available for turbo electric power.... 43,900 ‘“ “ 
BR em atte OO 85s vu lorin ne Cpa 90,000 “ “ 
43,900 


Turbo electric power available per ton of pig = 34 128 K.W. hrs. 


Suppose this power sold at same price as assumed for 
Ts) COT Oe RAs SoS AAS BIL ne ine Gee Ona enc 7.75 mills per K.W. hr. 


Cost®of producing 1 K.W. hr. with turbo generators: 
Operating charge (H. J. F. Table IV), aver. 8 plants........... 4,65 mills. 
(Actual operating cost of large modern turbo plant here in : : 
New York is 5 mills per K.W. hr.) 
Fixed charges per K.W. hour at $60 per K.W. and 15% 


(Weewacnor perylable LV). 0.0. ase ke dca wiles ee cess Bass 
Total cost per K.W. hour, including operating and fixed 
GiB so) pdbc due FbS8 Sp AAO Nee OOOO no Ko taain acre grs hes (ome 
PORT PET Ne Wie OUI cyclers) --t-) ole) sie lel intel cyan ratte cotiele ese MOPAR ea 
Profit per ton of pig, 128 X $.0002 ...-.......- se eee erence eee es $ .026 
(Turbo station complete.) 
1.218 


Profit per ton of pig (gas station EOMMPIELS er tac ctevecens ic sees hcleyesss sh 
Excess profit per ton of pig caused by exclusive use of gas power..... 1.192 
Profit per year due to gas power of 1,200,000 tons annual production of pig 


would then be $1.192 X 1,200,000 = $1,430,000. 


It will be seen that the turbo plant would have to be 
put in for nothing in order to make gas power in competition 
with the gas engine, when the gas engines are charged with 
all the operating, repair, supply and fixed charges which 
experience at Gary has shown belong to them. 

It is a consideration of figures similar to these which 
has caused our Bethlehem plant to go over to gas power 
exclusively, which is now the case. We cannot afford the 
use of the steam turbine except in cases where waste heat, 
which cannot otherwise be utilized, can be made use of in 
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the steam turbine. As a rough business confirmation of 
the above figures, it may be noted that when we started on 
our gas engine installation our coal bill at Lehigh plant was 
more than one million dollars a year. JI am happy to say 
that this coal bill has been entirely wiped out. The use of 
blast furnace gas at our Lehigh plant has been so profitable 
commercially that we are now in process of driving our — 
Saucon rolling mill plant with coke oven gas engines as fast 
as possible. 

In closing I desire to refer to the practice of handling 
one blast furnace with one turbine blower. If anything 
happens to this machine, serious trouble will be caused at 
the furnace. The situation may be saved only by starting 
up another blower. The writer’s experience with another 
company in the construction of steam turbines is such that 
he would be quite unwilling to take the risk of starting a 
steam turbine without taking proper time to warm it. 
‘In case of trouble on the furnaces, therefore, the time lost 
would be so great as to cause enormous loss and damage to 
the furnace, since turbine troubles as a rule occur quite 
without warning. Quite aside, therefore, from the question 
of relative costs of operation, which are themselves decisive, 
our management has taken the ground that they would not 
dare to blow one furnace with one turbo blower. If two 
turbine blowers per furnace be provided, the increased 
first cost will make their use still more inadvisable commer- 
cially. Both at the United States Steel Corporation and 
at Bethlehem we consider it necessary to blow a furnace with 
more than one blowing engine, and the same theory should, 
in our judgment, be carried into use of steam turbo blowers 
for this purpose. 

I desire to thank the officials of the United States Steel 
Corporation, as well as those of my own Company, for the 
permission accorded us to use the figures here presented, 
which are mainly valuable because they rest upon actual 
practice and not upon theory. I also would like to express 
my sincere appreciation of Mr. Freyn’s very able and 
valuable paper. 


THE GAS ENGINE IN MODERN BLAST FURNACE 
AND STEEL PLANTS. 


RicHarp H. Rice 
General Electric Company, West Lynn, Mass. 


Mr. Freyn’s paper is a valuable contribution to our 
published knowledge of the actual results obtained in the 
large gas-engine installations of the country. The paper is 
evidently the result of an immense amount of study and its 
preparation has undoubtedly consumed considerable time; 
and it is unfortunate that I should attempt to discuss such 
a paper after having obtained a copy of it only yesterday 
afternoon. I can, therefore, discuss now only in a general 
way certain features of the paper, reserving to another time 
extended or detailed analysis of it. 

In so far as the paper treats of the gas engine I have no 
reason to doubt that the subject is completely and correctly 
presented. The figures of results of operation and costs of 
plant are extremely interesting and valuable. The object 
of the paper is evidently to show that the field covered by 
the scope of the paper is so pre-eminently the field of the 
gas engine that steam turbine designers may as well decide 
once for all to keep off. However, in making his compari- 
sons with steam turbine installations, the author seems to 
have used for the steam plants data which refer to installa- 
tions which have been in use for some time. Progress in 
modern steam turbine and boiler construction and operation 
has been so rapid in the last two years that figures which 
apply to turbine plants now operating do not at all represent 
the possibilities of plants installed today. The paper uses 
for comparison an overall efficiency for a 30,000 K.W. 
turbo-electric plant of 10.8 per cent., whereas a station in- 
stalled today of the same capacity under modern conditions 
would have an overall efficiency of at least 13.5 per cent., 
simply by using apparatus which is now being installed in 
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our power stations; and as a matter of fact such a station 
is now being built. 


IMPROVEMENTS IN STEAM TURBINES. 


It must be borne in mind that we are now speaking of 
steam turbine stations for electric lighting plants, where the 
load factor is extremely low as compared with the load factor 
obtainable in a steel mill. This low load factor decreases 
the station efficiency and greatly increases its cost. As 
compared with stations which Mr. Freyn uses for compari- 
son, we now have high efficiency turbines which have a 
Rankine cycle efficiency of 75 per cent. as contrasted with 
65 to 68 per cent. for the turbines in the stations which 
the author discusses. Also we have large boiler units, 
which have been shown to be more efficient than small 
units; so that by operating such units even at two or three 
times rated capacity, it is possible to use a single boiler unit 
with a turbine of 10,000 K.W. or 15,000 K.W. capacity and 
obtain efficiencies as high as 75 to 78 per cent. in regular ~ 
practice. Furthermore, by proper choice of the size of 
units and by proper study of operating conditions, it is easy 
to so arrange matters that each unit operating shall be 
generating at or near its rated capacity, thereby securing ~ 
the maximum efficiency from it. Moreover, all the details 
of station equipment are receiving attention to cut down 
cost of operation of auxiliaries. This explains generally why 
10.8 per cent. thermal efficiency of a station on electric 
lighting load is too low, and why 13.5 per cent. is now easily 
obtainable. 

As above stated, it should always be borne in mind in 
considering the author’s comparisons that all the electric 
stations discussed are stations for electric light and power 
or electric railway. These stations are not comparable with 
the power plants of steel mills where 24-hour loads of rea- 
sonable steadiness should be experienced, devoid of the 
tremendous peaks at morning and at night met with in all 
public service stations. Such peaks require large reserve 
capacity, idle during a large part of the day, which greatly 
increases the cost and sensibly reduces the thermal «ficiency 
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of such stations. Therefore, when on page 7 the author 
mentions a thermal efficiency of the steam turbine plant of 
15.5 per cent., he mentions a figure which is well within 
reach in steel mill plants; and, in fact, a figure which is too 
low for stations with the high power factors of steel mill use. 
In this connection I call attention to page 9 of the author’s 
paper under “‘ Power Plant Syndicates in Germany,” where, 
in discussing the operation in parallel of a gas engine and 
steam turbine plant at the Royal Prussian Coal Mines at 
Heinitz, in which the gas engine station gets all the steady 
load and the steam turbine plant gets all the fluctuations 
(and hence greatly suffers in efficiency), the cost of produc- 
ing power does not seem to seriously differ in the two stations. 
If we should put into the German stations the new units of 
turbine and boiler now being used in America, and operate 
both stations under similar load factor, I venture to predict 
that the turbine station would show a lower cost of power. 


REDUCTIONS IN Cost, 


These new boiler and turbine units greatly reduce the 
cost of turbo-electric power stations on account of the lower 
cost per K.W. of boilers, reduction in number of boiler units, 
and consequent smaller buildings and foundations, and a 
decrease in the amount of piping, uptakes, etc. Therefore, 
instead of a turbine station costing $65 or $70 per K.W. 
today, as mentioned by Mr. Freyn, a more reasonable cost 
would be $40 to $45 for the size of station which Mr. Freyn 
is discussing, particularly when the station is installed for 
load factor of 75 per cent. 

Thus we see that the figures in the paper for cost of 
power stations containing steam turbine units must be re- 
duced to about two-thirds of those assumed for comparison; 
and the figures in comparison should, therefore, be corrected 
by a corresponding amount. We also see that, using. tur- 
bine units having Rankine efficiencies of 75 per cent. as 
contrasted with units which have been used in the paper for 
comparison having efficiencies of 65 to 68 per cent., we must 
decrease the steam consumption figures by 9 to 13 per cent. 

Taking Table IV, which gives a comparison of the cost 
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of producing electric power in steam- and gas-power plants, 
it should be noted that of the 8 steam turbine plants used 
by the author for comparison we have one station with a 
use (or power) factor of 33)4 per cent. The average use 
factor is 25 per cent. and the minimum use factor is 10 per 
cent. Comparing this with the blast furnace gas-engine 
plants we find a use factor in one station of 71.5 per cent. 
The average is 49 per cent. and the minimum is 22 per cent. 
These figures show clearly, as above stated, the lack of uni- 
formity in operating conditions in the stations under 
comparison. 

The paper takes as a standard of comparison a large 
station. In fact, it discusses as the basis a plant containing 
eight furnaces. Such plants are extremely rare in the 
United States, and it would be very useful and illuminating 
to discuss the results which would be obtained if the plant 
contained only one, two or four furnaces. It is needless to 
state that on account of the variations in gas quality which 
result from operation of one or two furnaces, the conditions - 
of operation of the gas engine, either in the electric plant or 
in the boiler house, become extremely uncertain. Under 
these conditions no such recourse as firing of coal is avail- 
able to the gas-engine operator, whereas in the steam plant | 
such coal firing is possible. In case of emergency with the 
furnace tight, with very little gas coming over, the ability 
to resort to coal firing is of vitalimportance. The situation, 
therefore, from this and other causes becomes greatly modi- 
fied and the advantages of the steam station become en- 
hanced as the plant decreases in size. 


THe STEAM TuRBINE St1tL DEVELOPING. 


The steam turbine is not at the end of its development, 
and the rapid progress which has been made in the last few 
years is not the end of the story. We now have before us 
the possibilities contained in the utilization of higher steam 
pressures and higher superheats, and we have every reason 
to believe that by the utilization of such conditions 20 to 21 
per cent. overall thermal efficiency of the station can be 
realized. Pressures up to 300 pounds are now being used 
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in our navy without the slightest difficulty, and a boiler is 
now in operation in this country with 500 pounds pressure 
with success. There are also superheaters in use carrying 
as high as 1,200 degrees temperature. The proposition, 
therefore, which has beenmade to utilize steam at 500 pounds 
pressure and 700 or 800 degrees temperature, is not a wild 
or impracticable one, but one which is capable of realization 
without excessive development. Such pressures and tem- 
peratures are in no way analogous to the conditions in a 
Diesel engine cylinder, where the pressures are attained 
with tremendous shock. Here the pressures are attained 
gradually and without shock, and the temperatures are 
absolutely under control. I believe, therefore, that a strong 
possibility exists that higher temperatures and pressures 
. will be used with satisfaction and success in our power 
stations in the reasonably near future. 


Tur TuRBO COMPRESSOR. 


For turbo compressors the case rests on entirely different 
grounds. The real problem in this case is how best to blow 
the furnace. The blast furnace is operated, not primarily 
as a source of gas, but as a source of pig iron; and the first 
necessity is to produce this pig iron in the largest possible 
quantity and of the most uniform quality, with the smallest 
consumption of coke. 

Centrifugal compressors are more uniform in operation 
than any other method of blowing apparatus, and measure 
the air more accurately than it has ever been done before. 
The savings resulting from this uniform operation and 
accurate measuring of air are similar to those due to any 
other method of securing uniformity in furnace conditions, 
such as sizing the charge, weighing the charge and using the 
dry blast. The results of the use of centrifugal compressors 
on blast furnaces are a greater output from the furnace in 
tons of pig iron per 24 hours and a lower coke ratio, and, 
therefore, a decrease in cost of iron due to the lower coke 
ratio and to the increased product which results without 
increase of labor cost. ‘The results of the installation and 
operation of some considerable number of such units leads 
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to the belief that an increased output of at least 10 per cent. 
will result from the use of such machines, and that the de- 
creased coke consumption per ton will be at least 10 per . 
cent. It is expected that within the near future actual re- 
sults in the operation of such machines as compared with 
other forms of blowing can be presented to the Institute. 


Savines EFFECTED. 


If the saving above mentioned is realized, the cost of 
iron will be reduced 40 cents per ton, with coke costing 
$4 per ton, and this is equivalent to $60,000 per year on 
a 450 ton furnace. 

Production of 10 per cent. extra tons of iron at a total 
manufacturing cost of $2 per ton, which would be saved 
since the product is obtained without increased labor cost, 
adds $30,000 to the saving. The total gain, therefore, be- 
comes $90,000 per furnace per year. 

_ Against this we must charge, if we assume the author’s ~ 
figures are correct (and they are much too high for turbo 
blowers), the total extra cost of operation of the turbo 


blower of $19,000, making a net saving of $71,000 per year | . 
per furnace, or for a complete plant of eight furnaces a ~ 


total annual saving by the use of turbo blowers of $568,000 
over the gas blower. 

It would also be necessary to take into account the de- 
creased amount of gas available due to the use of the turbo 
blower of 15 or 20 per cent. of the amount available for 
electric power purposes which at the maximum would 
amount to $19,000 per year per blower, or a'total of $152,000 
for the eight-furnace plant. If we deduct this figure from 
the $568,000 just mentioned we still have a saving in favor 
of the turbo blower of $416,000 per year. 

I expect to show later on, however, that the author 
greatly, overestimates the difference in gas consumption be- 
tween the turbo blower and the gas blowing engine. 

So far as cost of installation is concerned, the turbo 
blower must be conceded to have the advantage, and so far 
as ease and flexibility of operation and accurate, exact ad- 
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justment to meet and control furnace conditions is con- 
cerned, it is pre-eminent. 


IMPORTANCE OF ACCURATE MEASUREMENT. 


Furnace operators do not yet realize the possibilities 
connected with the operation of blast furnaces with an 
accurately measured rate of flow of air, which is afforded 
them by the use of the turbo blower. This accuracy is 
such that the rate of flow of air into the furnace can be de- 
termined and regulated within 5 per cent. at all times, and 
this regulation and accurate control of the air will, I be- 
lieve, lead to great improvements in the operation of blast 
furnaces. It seems to me that it is analogous to the advan- 
tages in connection with electrical apparatus gained by our 
ability to accurately measure the power consumed. 

Too much emphasis cannot be put on the unchanging 
conditions of blowing obtainable and the maintenance of 
efficiency over an extended period without constant care 
and overhauling, which are characteristics of blowing by 
turbo compressors. . 

Comparison is made of the relative costs of operating 
turbo blowers as contrasted with blast furnaces where the 
price of coal changes. Considering the savings to be made 
in coke, the cost of which will follow closely the changes in 
cost of coal, it would seem that these two factors tend to 
cancel one another, and that the turbo blower still retains 
its desirability whether with high or with low cost of fuel. 

All the arguments in favor of the turbo blower in large 
furnace plants above set forth are concentrated and in- 
creased in potency as the plant becomes smaller; and there 
can be no competition between the turbo blower and the 
gas engine for plants of one or two furnace capacity. 


THE GAS ENGINE IN MODERN BLAST FURNACE 
AND STEEL PLANTS. 


HEINRICH J. FREYN 
Allis-Chalmers Manufacturing Company, Milwaukee. 


Mr. West’s discussion brings out the very gratifying 
fact that the Bethlehem Steel Company achieved similar 
highly satisfactory results with their gas engines, as were 
obtained in the plants of the United States Steel Corporation, 

Mr. West’s figures giving installation costs of gas, elec- 
tric and gas blowing engines at the Bethlehem plant, if 
embracing the same items which enter the installation cost 
of the Corporation plants, are apparently lower than the 
latter. As far as the electric stations are concerned, this 
cannot be due to anything but local conditions. The Cor- 
poration plants under discussion were built several years- 
ago without previous experience, whereas the Bethlehem 
Steel Company had at their disposition the large experience 
of the United States Steel Corporation plants, and could_ 
thus design and build their plants in a much more economical 
way. ‘The machinery was furthermore built at the Beth- 
lehem plant itself, thus eliminating among other things the 
expense for freight, which in view of the great weight of gas 
engines is no small item. The Gary plant was almost en- 
tirely built by contractors, since no machine shop and no 
other facilities existed. Thus the cost figures given by me 
include the profits of the contractors. On account of the 

condition of the soil a great deal of expensive piling had to 
be done at Gary. I wish to state that the installation costs 
given by me include all the items necessary for the com- 
pletion of these plants. They thus cover aside from the 
complete engine equipment with auxiliaries, all excavation 
and filling, complete buildings, including heating, venti- 
lating, lighting and sanitary arrangements, and all gas piping 
necessary for the operation of the plant. The gas cleaning 
plant at Gary includes all gas piping and two large gas 
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holders, and I believe that this plant is the very cheapest 
gas cleaning plant in existence using Theisen washers. 

As far as the gas blowing engine equipment is concerned, 
the same observations apply, but I must call attention to 
the discrepancy which apparently exists in the ratio of the 
cost figures relating to the gas cleaning plants for gas electric 
and gas blowing engines given in Mr. West’s Tables A and 
B. It is surprising that the gas cleaning plant for blowing 
engines at Bethlehem should cost only approximately one- 
half of the corresponding Gary cleaning plant. 

It is unquestionably true that the installation of two 
single tandem gas blowing engines is cheaper per blast fur- 
nace than that of one and one-half twin tandem engines, 
but I cannot agree with Mr. West that there should be such 
a very large difference in the first cost as his figures would 
indicate. My knowledge of the subject and the work which 
I did in connection with such installations leads me to be- 
lieve that the cost figures which Mr. West presents must 
have been obtained on some different basis from that used 
by me in Table II. 

Indeed Mr. West compares the cost of 16 twin tandem 
blowers with that of only 18 single tandem units, but he 
overlooks the fact that at Gary 25 per cent. of the total 
units installed is held for spare, whereas in his assumed 
plant only 11 per cent. in spare units is considered. If 
similar assumptions are made with reference to the propor- 
tion of spare units at the Gary plant, which Mr. West 
claims to be quite satisfactory at Bethlehem, then at least 
two of the Gary twin tandem blowers could be omitted, and 
the total cost of installation of the Gary blowing engines 
would then be roughly +#x 3,105,000 = $2,700,000. The 
percentage of investment—using Mr. West’s own figures— 
would then be 100 per cent. for the Gary plant and about 
65 per cent.—instead of 56 per cent.—for the Bethlehem 
plant. 

It is very doubtful whether all blast furnace managers 
would agree with Mr. West, that one spare unit for eight 
operating units is sufficient, since no other blast furnace and 
steel plant in this country enjoys the great advantage of 
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having engine works operated in conjunction, where the gas 
engines are built, and where repairs of the engine equipment 
can be made very easily and promptly. Be this as it may, 
the only correct basis for comparison is the required number 
of “operating engines.” In other words, 12 twin tandem 
blowers at Gary must be compared with 16 single tandem 
blowers at the Bethlehem plant. Then the equipment for 
8 furnaces comprises in one case 48 gas cylinders and 24 
blowing tubs, and in the other, 32 gas cylinders and 16 
blowing tubs. 

I make these statements merely to correct possible mis- 
apprehension on the part of the readers; in principle I fully 
and heartily agree with Mr. West that the single tandem 
arrangement is preferable. This arrangement is in no way 
new, and in fact it represents the type of blowing engine 
used in Europe exclusively, for blast furnace purposes. 

The reason why the United States Steel Corporation 
plants were equipped with twin tandem blowers, is simply 
that at the time of installing these engines several years ago, 
blast furnace superintendents insisted on having gas blowing 
engines capable of delivering the full quantity of blast at 
the extremely high pressure of 30 Ibs. per square inch. This 
condition could even to-day not be fulfilled unless twin tan- — 
dem gas blowing engines are installed. At that time it was 
sufficient to use smaller gas cylinders and smaller blowing 
tubs in twin tandem arrangement than are now regularly 
built by a number of manufacturers in this country for 
single tandem blowers. 

Within the last two or three years the views of blast fur- 
nace superintendents have changed, and it is recognized 
to-day that it is quite sufficient to blow a reduced quantity of 
air in the extremely rare cases when the high pressure of 30 
Ibs. is necessary. Disagreement exists even concerning 
this maximum pressure itself, and some blast furnace mana- 
gers claim that a maximum of 265 lbs. is fully adequate for all 
purposes of blast furnace operation. | 

This change of attitude will undoubtedly favor the single 
tandem arrangement, which, as Mr. West so ably pointed 
out, will decrease the first cost, and incidentally the oper- 
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ating expenses of future gas blowing engine plants, irre- 
spective of the make of gas blowing engines installed. 

With reference to Mr. Richard H. Rice’s discussion, I 
wish to point out that the figures given in my paper are 
actual operating results obtained with blast furnace gas 
engine, and steam turbine plants in this country in the re- 
cent past. While the steam plants have been in use for 
some time, the same argument applies on the gas engine 
plants. In giving information on what has been actually 
done to date, I did not mean to convey the impression that 
better results could not be obtained in the future. If 
steam turbine and boiler manufacturers are rapidly progress- 
ing and promise material improvements in thermal efficiency 
of future plants, I only have to refer to my paper where I 
call attention to the possible improvements in gas engine 
practice, and where I intimated in which direction this can 
be done, and indeed has been done in Europe, by the appli- 
cation of the scavenging and surcharging system, and by 
the utilization of the waste heat. 

I have explained at length in the body of the paper the 
great influence which the personal equation of the operator 
has upon results in steam power plants, and thus I cannot 
agree with Mr. Rice that it should be possible in the future 
to obtain thermal efficiencies of 15.5 or even of 13.5% in 
commercial steel mill practice. In this connection it may 
be of interest to mention that the average boiler efficiency 
in twelve large boiler plants in American steel mills was only 
60.5% in 1911. 

The argument which Mr. Rice advances concerning im- 
proved thermal efficiency of steam plants with better use 
factor and higher loads, is in my opinion not supported by 
the facts, and not even by the claims of steam turbine man- 
ufacturers, since it is said to be one of the advantages of 
steam turbine equipment, that the steam consumption 
curve is extremely flat. If this contention is true the 
thermal efficiency at greater load will not be materially 
better than that at fractional load. 

Concerning the cost of installation of turbine stations, 
I must refer to the information which was given me by prac- 
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tical mill men, and by power plant engineers, who have 
installed such plants, and which indicates that this cost 
would be near the figure given in my paper, namely $70.00 
per kw. 

While the difference in average use factor in Table IV 
is favorable for the steam equipment, as far as costs are 
concerned, I must refer Mr. Rice to my Table V, where a 
gas engine and steam turbine plant of exactly the same use 
factor are compared, showing that the total cost of power 
production of the gas engine station is 36 per cent. lower. 

The improvements which Mr. Rice predicts in future 
steam-power plants, namely high initial pressures and super- 
heating between stages of the steam turbine, while very 
likely increasing the thermal efficiency, will undoubtedly 
also materially increase the first cost of such plants, and 
chances are that the cost of installation of such a steam plant 
would be higher than that of a gas engine plant. 

I wish to correct the statement concerning Diesel engines 
made by Mr. Rice, by saying that no tremendous shock ~ 
occurs in these engines, but that the high pressure is very 
gradually built up by compression, while the initial pressure 
of combustion, due to the constant pressure cycle, is practi- 
cally the same as the compression pressure. 

Concerning the question of turbo blowers and the ac- 
curacy of air measurement, I could hardly imagine a more 
accurate measurement of the blast than by actual displace- 
ment in the blowing tubs, and I wish to point out that at 
South Chicago, where a number of furnaces are blown by 
gas-blowing engines, variations in air temperature are taken 
into consideration by changing the number of engine revo- 
lutions correspondingly. 

Mr. Rice lays considerable stress on the alleged saving 
in coke consumption and increase of pig iron production, due 
to the uniformity of the air supplied by turbo blowers. In 
my opinion, which is corroborated by prominent blast-fur- 
nace men, this claim could hardly be substantiated; while — 
pulsations in the air delivery between gas-blowing engines 
and hot-blast stoves do exist, these pulsations disappear 
entirely beyond the stoves on account of the large volume 
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of the latter. Tests made by Mr. Arthur West actually 
show that the difference between maximum and minimum 
blast pressure in the bustle pipe is insignificant, and that 
the pressure curve is practically a straight line. 

Uniform blast is only-one of the items which have a bear- 
ing on the regularity of furnace operation, and a compara- 
tively small one at that. The conditions of the coke, of the 
ore, limestone, etc., have much more influence on furnace 
operation, and are of much greater importance. 

If results of turbo blowers obtained in actual practice 
lead to the belief that at least 10 per cent. coke will be saved, 
and the output will be increased 10 per cent., this may be 
entirely due to the fact that turbo blowers took the place 
of old reciprocating steam-blowing engines. A similar obser- 
vation was made at South Chicago when old steam-blowing 
engines were replaced by gasblowing engines a few years 
ago. 

Mr. Rice calculates on the strength of his assumption of 
coke economy and increase pig iron production, a saving 
of $416,000 per year for an eight blast furnace plant. While 
no such saving could be obtained in actual practice, it would 
even, if realized, only reduce the actual saving of gas-engine 
installations mentioned on page 6 of my paper, and it would 
still be necessary to buy coal and burn it under boilers to 
generate the necessary power in a steel plant of the magni- 
tude of Gary. 

That no constant care and overhauling are necessary on 
gas-blowing engines, as Mr. Rice intimates, is proven by the 
fact that there are a number of gas-blowing engines in this 
country and in Europe, with operating records showing over 
99 per cent. actual yearly running time of the total possible 
time. 

Lack of space prevents me from giving in this discussion 
the details of a calculation which I made, assuming a blast- 
furnace plant of two furnaces of 400 tons capacity each in 
the Pittsburgh district. In this calculation I find that from 
the available gas 14,500 kw. maximum can be generated 
when gas engines are installed against only 5500 kw. with 
turbo blowers and steam turbines. Assuming that power is 


86 AMERICAN IRON AND STEEL INSTITUTE, MAY MEETING 


generated at 65 per cent. use factor and sold to outside con- 
sumers, it will be found that with scavenged gas engines of 
14,000 kw. total capacity at a thermal efficiency of 21 per 
cent., power can be produced .042 cents per kw. hour cheaper 
than with a steam turbine plant of 13,500 kw. total capacity, 
having an average thermal efficiency from the coal pile to 
the switchboard of 11 per cent. The saving per year, due 
to the installation of gas engines, would be $33,600 at a total 
output of 80,000,000 kw. hours per year, which represents 
20 per cent. interest on the excess investment of the gas 
engine equipment. The critical fuel cost in this case is 
$.0231 per one million B.T.U. In other words coal of 13,500 
B.T.U. per pound would have to cost only 70 cents per gross 
ton to make a turbo blower and steam turbine plant eco- 
nomically equivalent to a gas engine installation. 

In conclusion, I desire to extend to the officers of the 
United States Steel Corporation and its subsidiary com- 
panies, my sincere thanks for their liberal and broad-minded 
action in giving me permission to put before this Institute 
the results and costs of operation of their gas engine power 
plants. And I gratefully acknowledge my indebtedness to 
Mr. C. J. Bacon for his assistance and co-operation in col- 
lecting and working up a considerable part of the data. 


THE ORES OF THE EASTERN MESABA RANGE. 


Grorde A. St. CLatr 
Explorer for Iron Ore, Duluth, Minn. 


To describe properly and set forth fully the extent of the 
various formations in the States of Minnesota, Michigan 
and Wisconsin, that give ores containing 25 per cent. to 40 
per cent. of iron, would be a task beyond that which I could 
now go into. It would take up more time than is now 
available. I will, however, as fully as may be, point out 
to you the various known districts from which the future 
supplies of washed or concentrated ore can, and will, be 
drawn. In so doing I avail myself of various maps issued 
by the United States Geological Survey for the Lake Supe- 
rior region, necessarily including certain ranges extending 
across the line into Canada. 

As to the character of the ores, they will vary from 
hematites that are laminated with streaks of friable sand- 
rock, or sand that is easily separated, to the dense jaspery 
layers which only fine crushing and washing will put par- 
tially in shape for the use of the furnace of to-day. I need 
not draw your attention to some of the magnetic ores which 
are even now being satisfactorily treated, except to say that 
they are of the same general character as the lean magne- 
tites which form enormous ore bodies through portions of 
Minnesota, Wisconsin and Michigan, and which have been 
considered in the past by the explorer as of no value either 
present or future. This point of view, however, is rapidly 
changing, because of the extensive development of Wither- 
bee, Sherman & Company, of Mineville, New York, in the 
concentration of the lean magnetites of that locality, and 
also by work done in other places by others. 


LAMENTABLE WASTE IN EARLY Days. 


In the early days of development of the original deposits 
of iron ore at the Jackson Mine, Negaunee, as well as at the 
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Cleveland Iron Company’s (now Cleveland-Cliffs) and the 
Lake Superior Iron Company’s mines, both at Ishpeming, 
Michigan, no effort was made to save the soft hematite 
which formed the larger quantity of the good ore then show- 
ing. This was wasted, being often used .as road-making 
material. Think of it! Thousands of tons that would 
analyze from 60 per cent. to 64 per cent. iron, treated as use- 
less simply because the furnaces of that day demanded the 
hard varieties. They threw aside the soft ore, claiming it 
was useless, and this was possibly so for the furnace practice 
of that day. As the years passed, with the enlargement of 
furnaces and with greater blowing power used, all of this 
class of wasted ores have become eagerly sought for, and the 
furnace men of to-day are quite willing to accept a much 
lower percentage of iron. 

During the mining of the hundreds of millions of tons of 
ore that have been sent forth from the Lake Superior Dis- 
trict since the first opening, about sixty years ago, there 
was naturally wasted a large amount of rock, paint rock 
and jasper, whose iron contents were either nil, or so low 
that they can safely be ignored in this discussion. But there 
were also dumped on the waste pile large quantities of 
lean ores having an iron content of 35 per cent. to 40 per 
cent.; and it would be safe to claim that in the early years, 
ores with a much higher percentage ot iron were lost in this 
manner. J remember in the days ot the old Washington 
Mine (now Humboldt), that the orders were to dump in 
the rock pile any load of ore offered, which showed any 
mixture whatsoever, so that much good went with the bad. 
I was the weighmaster there, and well remember the many 
curses that I received from the miners whose good ore was 
thus wasted. And yet, the so-called worthless ores of that 
day would probably average well above 50 per cent.— 
the equal of our standard to-day. We all know that the 
decline in the iron content of merchantable ores from that 
of the late sixties and the seventies, to that which is accepted 
to-day, is a marked one. 


ORES OF THE EASTERN MESABA RANGE—ST. CLAIR 89 


WHERE SHALL ORES FOR THE FuTURE Come FRom? 


As we look forward to the future of the iron ore business, 
with ever-increasing demand being made upon the mines 
now working—a demand so large that the reduction in 
quantity of their reserves of high grade ore is marked— 
we are confronted with the question where the ores of the 
future, sufficient in quantity and quality, are to come from. 
It has been estimated by people of authority, whose knowl- 
edge should be reasonably accurate, that the known high 
grade ores of to-day may be exhausted in from thirty to 

.forty years. This idea is, of course, predicated upon a con- 
tinued increase in quantity of the output. And it would 
seem that the prediction is well founded, at least as far as 
the Lake Superior district is concerned. 

Truly this would be a deplorable condition for the 
future of the iron and steel business of the United States, 
were it dependent solely upon these ores. But Dame 
Nature has been very good to us, having placed at the dis- 
posal of her children enormous deposits of iron ore, called 
non-merchantable to-day but surely bound to come into 
use in large quantities as the years go on, so that the fear 
of exhaustion of our store of iron may be put far away from 
us. In fact, our superabundance of these ores is such that 
we can not only supply our own wants, but the wants of 
the world for the next thousand years. Many of you may 
say: ‘‘A bold statement; can you prove it?’’ Well, let us 
see. To do this it will be necessary to utilize all the infor- 
mation procurable, not only from my personal knowledge, 
but also largely from the maps of the United States Geo- 
logical Survey, whose work has been most accurate, as a 
rule, and has covered such a great area of country that but 
few, if any, private concerns could have undertaken the 
work. 

Here let us look at some of the latest maps and tables 
furnished by the Geological Survey, supplemented by other 
maps with cross-sections of various localities. You will 
notice by tables furnished that we have confronting us 
a great mass of material. The thought arises: What is to 
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be done with it all? This is a serious question that is agi- 
tating the minds of many men to-day. To a certain extent 
it has been solved. As, for instance, take the class of hema- 
tite ores now being treated at Coleraine by the United 
States Steel Corporation, and at Hawkins, Minnesota, by 
the Harvester Company. The siliceous parts of those ores 
are mostly of friable sand-rock or sand, which, under 
the log roller and table system, with plenty of water as a 
solvent, are made not only usable but a most desirable ore 
for furnace use. I understand that the Harvester people 
rank their product as the best of their ores. Be this as it 
may, the washing has converted a useless commodity into 
a valuable one. Unfortunately, however, ores so easily 
enriched are in the minority, though the tonnage will no 
doubt be a large and valuable asset for many years to come 
to the fortunate owners of these ores. 

What shall be done with the great mass of hematite, 
whose gangue is of a solid character, and cannot be washed 
away? Naturally, we look to the rock crusher, supple- 
mented by the rolls, to bring the ore to a stage where, in 
Certain instances, water again will aid in their conservation, 
eliminating the silica quite largely. Where ore of a character 
suited to merely washing exists, it may be possible to use 
such ores without further treatment. But hematite ores of 
that character do not abound; so we are confronted with 
the need of other methods than water alone. 

A fear exists that water used alone to cleanse the fine 
grindings would waste too large a percentage of ore, though 
it might pay. Therefore, I ask, would it not be possible to 
metallize the ore, but not melt it, then use a magnetic 
separator to cleanse it largely from its impurities after 
metallizing, and then sinter or nodulize. That a way will 
be found I do not doubt, especially as we have seen that the 
quantity of such ores is inconceivably large, and thus man’s 
ingenuity and avarice will alike tend to a solution of the 
problem. Fortunately, we have plenty of time in which to 
devise the proper process. 
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Macnetites or Eastern Mesasa. 


The magnetic ores of the Eastern Mesaba Range extend 
from Town 60, Range 13, St. Louis County, to South Lake, 
east of Gunflint in Cook County, Minnesota, a distance of 
eighty miles. At this point the formation crosses into Can- 
ada. For a long distance the formation is nearly flat, 
changing at many points, especially at the Paulson Mine 
district, to a pronounced pitch. In many places by out- 
crops it shows a great width—at points even more than a 
mile of stratified ore. At numerous points diamond drilling 
has shown an ore thickness varying from one hundred to 
seven hundred feet. The uniform persistence of the forma- 
tion is remarkable, for while over large areas a covering 
exists, yet in many places in its general course the lean ores 
outcrop, showing the same general characteristics, and indi- 
cating great uniformity. This justifies the assumption of 
continuity and enables one to make a fair estimate that 
otherwise would be but a guess. 

Therefore, in estimating quantity I assume that the for- 
mation is persistent in length over the area given, while as 
to width and depth, one must assume that the data acquired 
from local drilling will, as a whole, be fairly accurate. To 
show the large tonnage contained between the points named, 
it would be unnecessary to use the extreme figures men- 
tioned, though I do not doubt that drilling would largely 
confirm them. But for our purpose a more moderate aver- 
age will answer. So I estimate a length of eighty miles, a 
width of two thousand feet, and a depth of one hundred 
and fifty feet. This will make over one hundred and 
twenty-six billion cubic feet. Allowing twenty cubic feet 
to the ton, it will make over six billion tons of ore, averag- 
ing about 36 per cent. iron, many samples, of course, much 
higher, as well as lower. 

Large as this mass of material is, it would not surprise 
me were it to be doubled by actual pore: The oddity of it 
all is, that, except at a few points, our geological maps do 
not show this formation. Being off the beaten trails and 
highways, it has not yet been reached for full mapping. 
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A NE&EGLECTED ORE. 


These ores are magnetic, very uniform in character, and 
without doubt can be separated from their gangue, it being 
simply a question of fine grinding; how fine, is yet to be 
determined. This.is a neglected ore—that is, neglected as 
far as the Lake Superior District is concerned—a magnetite 
that looms large as a supply for our future needs. Referring 
to our figures, you will note that over six billion tons are 
available from this Range, though the percentage of iron 
contents seems low when compared with present standard 
ores. Yet, looking at the record of Witherbee, Sherman & 
Co., with the knowledge that their work has given us, it can 
be seen that a bright future awaits the enriching of this 
magnetite, and especially so where it is possible to quarry, 
so that the cost of production may be minimized. The 
Eastern Mesaba District seems to be principally of this 
character—a great quarry. Then it would seem that metal- 
lizing after concentration would be the solution of the ques- 
tion. Be that as it may, this ore can be used either by 
metallizing or sintering—both methods having their advo- 
cates. Either method would do the work. 


TsE GREAT VALUE OF SINTERED ORE. 


There is but little question that metallized or sintered 
ore has greater value as an ore for furnace use than the 
average raw ore can possibly have. Excepting a few ores 
limited in quantity, the iron content of sintered ore is higher 
and the moisture lower, while the treatment will lower the 
phosphorus content. It is promised and expected that a 
standard ore of at least 63 per cent. natural will be the 
product derived from the magnetite. This would give the 
furnace once again an ore the equal of the best of those 
obtained in the days of old. We must not underestimate 
the good work now being done in this line by different 
methods, as by Gréndahl, whose work in Sweden is well 
known to you all. The plant at Moose Mt., Ontario, Can- 
ada, is of this construction. 

It is not claimed for these plants that perfection has been 
reached, far from it. But it may be said that a long step 


ORES OF THE EASTERN MESABA RANGE—ST. CLAIR 93 


has been made toward the consummation so long desired. 
The Grondahl method after concentrating makes the fines 
into a briquette, a most desirable product. But this is being 
improved on by sintering, which in effect obtains the same 
general result, as.shown by Gayley in the remarkable work 
performed by his Dwight-Lloyd Sintering Machine. It 
seems to me that among the possibilities of aid in utilizing 
our lean ores, metallizing by direct process, as by the Jones 
process, will eventually be not the least important. To 
whatever person or process, no matter the name it may go 
under, a welcome will be extended by all who desire, as we 
all do, the future economic greatness of our country. 

At the point where the Eastern Mesaba crosses into 
Canada, and for some distance preceding, erosion has taken 
place quite largely. And, for that matter, the same thing 
may be said of the whole Range, as glacial work is marked 
at many points. While I am not especially familiar with 
the Canadian extension, statements and papers on that 
particular portion of the Range show the existence of ore 
suitable for concentration. 


Vast AMOUNTS OF ORE AVAILABLE. 


It is quite certain that the average person does not real- 
ize the meaning of a quantity so large as one hundred million, 
or one billion tons. Here we are confronted by figures that 
go up well into the billions of tons. How can we bring these 
figures nearer to us; for standing alone they mean little. 

Let us compare the output of Lake Superior Region, 
which has now for sixty years been pouring forth its store 
of wealth for our use. The first few years the output was 
small, a mere nothing when compared with that of to-day.’ 
I remember when for the first time one million tons output 
was reached. The Marquette Range sent it forth. Mr. 
S. P. Ely, of Marquette, who was then the great man of 
the iron ore business of the Lakes, was loud in proclaiming 
that never again would such an output be reached; that the 
iron business would be swamped under such a load. And 
we all believed with him. But that is of the long ago, and 
we now talk of fifty million tons much more glibly, and with 
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less awe, than we of the olden days spoke of that million 
that looms yet large on the horizon of my memory. For 
the sixty years referred to the production has amounted to 
a little over five hundred and seventy-four million tons. On 
the other hand, our successors will have the use of: First, 
the known good ores variously estimated as from one and 
three-quarters to two and one-half billion tons; and, second 
—if you can comprehend it—the sixty-seven billion tons of 
concentrating ores which the various ranges can furnish 
when the demands of the future become insistent for their 
exploitation and enrichment. 

May I digress to say that with the light thus obtained 
from the study of the Lake Superior Ranges, together with 
those of New York and other Eastern States, supple- 
mented by the stupendous possibilities of the South and 
our greater West, the fear that some of our legislators have 
lately had of a shortage of iron ore in the near future, is 
* certainly ill founded. 


GREAT SERVicES ALREADY RENDERED. 


The one important question now confronting us is the 
making available these large quantities of lean ores I have 
described; for certainly our future supply must come from 
them and not from raw ore suitable for furnace use in its 
natural condition. In the past we have looked to the geol- 
ogist and the explorer for our supply. In the future, how- 
ever, we must look to the mechanical engineer for it. New 
conditions imperatively call for new ideas, new methods, 
new men. ‘The conversion and beneficiation of the lean ores 
will require mechanical ingenuity. It is a question of grind- 
ing and separating the masses of lean ores which are-on the 
surface. It is a quarrying and mechanical problem, and not 
an exploring or a mining one. Personally, I have full con- 
fidence in the genius of the American engineer to solve this 
problem; and, so far as I am concerned, I am quite willing 
to let him work it out. Indeed, I believe that Gayley with 
his sintering, Grondahl with his briquetting, and Jones with 
his metallizing, have even to-day reached far toward the 
solution of the problem. 
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OraL REMARKS EXPLAINING Maps AND TABLES SHOWN. 


As illustrating the statements that I have made, I wish 
to call your attention first to the map of the Vermillion 
Iron Range issued by the United States Geological Survey, 
showing, as it does, the known mines at Ely and Tower in 
St. Louis County, and, in addition thereto, the formation 
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Fig. A. 


extending north and east, not continuous, but still making 
toward the border line, and from there into the Hunters 
Island District in Canada. We are not ‘interested in the 
high-grade ores that have been tound, but rather in the 
possibilities of the leaner grades running from 30 to 40 per 
cent. iron, averaging 35 to 36 per cent. 

Illustrating the depth and width to which this formation 
is known to extend, I show you a cross-section of this Range, 
at a point where work has been conducted for many years. 
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This shows a comparatively thin run of high-grade ore, 

extending from surface on each side of the basin and making 

its way at depth to the great body of high-grade ores. 

But above it, running for great width and thickness, are the 

so-called jaspers of the Vermillion Range, which will average 

35 to 36 per cent. iron, all of which will be available in the 

years to come by some of the methods that we have spoken. 
of, or to which I shall call your attention. 


Stratizies Selding of Leni Riess. 
Yevinilion Range. About 36% 
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Fig. B. 


Still further illustrating this subject, I show you a ver- 
tical longitudinal east and west section of the Vermillion 
Range. In order that you may have an idea as to the 
appearance of this lean ore, I call your attention to a strati- 
fied folding of the lean ore, the white sections being iron 
and the dark sections rock. ; 
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Passing on to the Mesaba Range, Fig. C will give you 
a cross-section of the ore body at Biwabik. This does 
not show the overlying lean ore as well as I could desire, 
but it will give you certain portions of the formation which 
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carry lean ore. At other points where drilling is being 
conducted, there have been from 150 to 450 feet of lean 
ore formation shown, with an average iron content of 34 
to 35 per cent. 

A section of the Marquette Iron Range at Negaunee, 
Michigan, shows a depth of formation of the lean ore of 1,800 
feet. This will average 33 per cent. iron. Not only here, 
but at many other points on the extension of this Range, 
the formation shows great width, from a mile to a mile 
and a half in extent. j 

To illustrate quantity, I call your attention especially to 
Monograph No. 52 of the United States Geological Survey, 
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page 492, at which is shown a table giving the estimated 
quantity of ores of iron containing 35 per cent. or more in 
the States of Michigan, Minnesota, Wisconsin, and certain 
parts of Ontario, Canada, amounting to the stupendous 
sum of over sixty-seven billion (67,000,000,000) tons. (Ap- 


plause. ) 


FROM U. 8. MONOGRAPH No. 582. 


Totat TONNAGE OF IRON-BEARING FORMATIONS TO GIVEN DEPTHS. 
TonNnAGE ESTIMATED TO Run 35% Iron. 


District 


MIcHIGAN: 
Crystal Falls..... 
Marquette....... 


ONTARIO: 
PATIMIKIGH Ween 
Michipicoten..... 
North Shore of 


Area | Depth| Volume 


(Sq.Mi.)| (Feet) 


1,250 
1,250 
1,250 
1,250 
1,000 


Lake Superior. .} 30.0 | 1,250 
Otheroresicce wiv ycrran ly acuet 


Quantity of 


Quantity con- 


iron taining 35% 
formation or more of iron 
(Cu. Mi.) (Tons) > = Cerone eee 
1.85 24,100,000,000 1,500,000,000 
6.75 87,800,000,000 } 16,000,000,000 
130 16,900,000,000 3,500,000,000 
1.40 18,200,000,000 1,250,000,000 
720 2,600,000,000 260,000,000 ~ 
9.60 | 125,000,000,000 | 30,000,000,000 
Se 48,100,000,000 1,025,000,000 
BLO 2,150,000,000 - 215,000,000 
1.40 | 18,200,000,000 1,250,000,000\.. 
.70 ~-9,100,000,000 910,000,000 
.19 2,500,000,000 250,000,000 
Vaid 20,400,000,000 2,040,000,000 
TeLO 92,400,000,000 | 9,240,000,000 
ie eth atl eae hehe eee eon 200,000,000 
35.92 | 467,450,000,000 | 67,640,000,000 


IRON ORE RESERVES OF THE UNITED STATES. 


SHELDON NorToN 
Witherbee, Sherman & Company, Mineville, N. Y. 


The paper which we have just listened to brings up a 
subject that is so vast and covers so many different regions, 
and is also one that is so vital to the future iron and steel 
industry of this country, that in the brief time allotted we 
can do no more than outline what may be done with this vast 
supply of crude material which nature has deposited with 
such a lavish hand. 

Having visited the Lake Superior iron ore regions a num- 
ber of times, and having been treated with such uniform 
courtesy and shown the mines and methods of working and 
exploration, I am somewhat familiar with the ores of that 
region. I have also visited personally that portion of the 
Lake Superior iron ore region, known as the Eastern Mesaba, 
which is a mass of lean magnetic iron ore extending for a 
number of miles. I have also visited the Moose Mountain 
deposit in Canada and am thoroughly convinced that the 
whole north shore region of Lake Superior is one large iron 
ore bearing region. Iam therefore very firmly of the opinion 
that Mr. St. Clair has not overrated the possibilities of this 
region as a future supply of iron ore for the iron and steel 
business of this continent. Whether we call the quantity 
ten billion or two hundred billion tons, it matters very little. 
The amount is so great that for generations to come it 
certainly will not be exhausted. 

The deposits of magnetic iron ore, known as the Eastern 
Mesaba, is situated in a comparatively level, thoroughly 
accessible country. This ore was apparently a sedimentary 
deposit and has many of the characteristics, in regard to 
analyses and structure, of the Western Mesaba hematites, 
with this difference, the Western Mesaba hematite bands of 
siliceous material have become softened by time and the 
elements, and the iron has become a hematite, while in the 
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Eastern Mesaba the bands of siliceous material are solidified 
and almost vitrified, and the iron has become a magnetic 
oxide. While we may suppose that these two iron ore 
ranges were originally deposited under the same conditions, 
the Eastern Mesaba has evidently undergone a terrific trans- 
formation. This might be accounted for by supposing that 
in some past age this region was covered with an overflow of 
molten gabro, and afterwards this gabro was eroded during 
the glacial period. The fact that there are large bodies of 
titaniferous ore to the north shows absolutely that eruption 
of gabro has taken place in that region. Be this as it may, 
the material as described by Mr. St. Clair is there in quantity, 
waiting to be made useful to mankind. 


ImMporTANT EASTERN ORE DEposits. 


Mr. St. Clair speaks also of the other large deposits of 
lean ore scattered in various parts of the country. As I have 
spent a number of years investigating a large number of these 
deposits, I can confirm his words in regard to this point. 
I suppose that we are all familiar with the large amount of 
Clinton red hematite there is in the state of Alabama, and 
probably some will hardly credit the statement, that in the 
State of New York, there is probably as many tons of Clinton 
red hematite as there are in the state of Alabama. The dif- 
ference is that the deposits in the state of New York are 
spread out uniformly over a very large area, while in 
Alabama the ore is bunched together and is therefore in much 
thicker and heavier bodies. But the average iron in the New 
York State ore is probably from four to five per cent. more 
than in the Alabama ores of the Clinton formation. There 
are also in eastern New York, large quantities of brown 
hematite ore, which some day will be useful. These ores are 
of the highest grade. From them has been made the iron 
known as the “Salisbury Car Wheel Tron,” which has a 
reputation for quality second to none in the world. | 

There is in New York State, New J ersey, Pennsylvania 
and North and South Carolina, at a conservative estimate, 
two billion tons of magnetic iron ore, which, on account of its 
low percentage of iron and other deleterious ingredients, has 
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never until lately been considered as of any commercial 
importance. Owing to recent inventions and perfecting of 
mechanical devices, these difficulties can be overcome. 
The Dwight-Lloyd Sintering Process makes valuable large 
quantities of ore in these states, which is high in sulphur, 
which can easily be eliminated, and in so doing, make the ore 
a commercial product. Many of these ores will require 
special treatment. In a general way they have the same 
characteristics as the lean magnetic ores of the Eastern 
Mesaba, that is they are fine crystalline in their structure 
and will require fine grinding. This increases the expense 
and difficulties in handling them. 

Situated in the eastern slope of the Adirondacks, in the 
counties of Essex and Clinton, New York, there are large and 
numerous bodies of coarse crystalline magnetite. These ores 
lend themselves easily to magnetic separation, without crush- 
ing them so fine but what they can be used without any sin- 
tering. And, as they are free from sulphur, they become a 
high grade ore by this method of treatment. Witherbee, 
Sherman & Co. own in Essex and Clinton Counties, N. Y., 
large areas of land in which actual work and also explorations 
show that they have practically an inexhaustible supply for 
years to come. In fact, Witherbee, Sherman & Co. own at 
least two-thirds of all of the coarse crystalline magnetite of 
which we have any knowledge. The amount of ore on their 
properties has been estimated by disinterested parties to 
contain 210,000,000 tons. The only other large deposit of 
crystalline magnetite with which I am acquainted is that of 
the Crown Point Iron Co. and the Chateaugay Iron Co. 

On the western slope of the Adirondacks there are large 
deposits of magnetite; but they are of a fine crystalline 
structure, and some of them carry sulphur. They are so 
situated, however, that they can be mined and handled 
cheaply, and they will certainly be used in the coming years 
as an iron ore. 

There is also in the Adirondacks numerous deposits of 
titaniferous iron ore, estimated by a number of different 
competent men to contain eighty to one hundred million 
tons of material. This ore will some day be useful, as it 
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lies in such shape that it will be a large open quarry steam 
shovel proposition, and the titanium can be reduced by 
maguetic concentration. 


THE PREPARATION OF ORES. 


While we are thoroughly convinced as to the large quan- 
tity of material that is available, I am very sorry to state 
that I am not convinced of the commercial mining and 
preparation of these lean ores in the Eastern Mesaba Dis- 
trict. 

So far as the coarse crystalline ore in the Lake Cham- 
plain deposits are concerned, the question to a large extent 
has been solved. The Cheever Iron Ore Co., near Port 
Henry, N. Y., belonging to the Bethlehem Steel Co. and 
Witherbee, Sherman & Co., and managed by A. E. Hodg- 
kins, has demonstrated that a 30 per cent. magnetite can be 
mined underground, crushed and prepared, and loaded on 
cars at a reasonable price, so as to get a new dollar for an 
old one, at least. 

There is a great deal of misconception in regard to mag- 
netic concentrates or separation. The question that con- 
fronts the future iron ore industry of this country is not one 
of separation; it is one of preparation. It is the cost of 
preparing this ore that is the point which needs careful and 
systematic thought and study. 

Magnetic ore must first be so prepared that the particles 
of magnetite are broken loose from the different non-mag- 
netic particles. When this is accomplished, the separation 
can be made in many different ways, either wet or dry. The 
preparation of the ore should be one of granulation. The 
trouble seems to be that most of the work heretofore done, 
in what we would call fine grinding, has been done by the 
same methods we are using in grinding Portland Cement, 
where they want an impalpable powder. If crushers and 
rolls are properly used their action is crushing and not 
grinding; or, in other words, breaking the material along 
the lines of crystallization. Whether some machine ean be 
devised to carry this on down to a point, as it would have 
to be, further than ordinary rolls seem to be capable of doing, 
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can be constructed or not, Iam not prepared tosay. In wet 
magnetic separation; the machines have thus far had such a 
small capacity and the work done on each machine was so 
imperfect that it was necessary to handle the material from 
two to three times. It would seem to me that a machine 
designed by a Mr. Palmer in 1828, and used at Palmer Hill, 
Clinton County, N. Y., embodied the fundamental idea of 
the magnetic separator for separating fine material by a 
process of wet magnetic separation. His machine failed 
because he had nothing but ordinary magnets, as he knew 
nothing of the electro-magnets used at the present day. 
His machine was simply a cylinder, like a rotary kiln or 
trommel screen. I believe that if this machine was worked 
out mechanically it would be more likely to separate mate- 
rial, wet or dry, in quantities large enough to make it an 
efficient proposition. 

Witherbee, Sherman & Co. are using a machine which 
they call a rock picker. After the material is crushed to 
pass a 2-inch ring, it goes through this machine, and the 
lean rock is thrown out, thus avoiding a waste of time and 
power in grinding unproductive material. The machine is 
small, although it combines magnetic, gravimetrical and 
centrifugal separation. | 


No Monopoty oF IRON ORE POSSIBLE. 


I have been very much amused in reading the daily 
papers, and seeing how many foolish people there are who 
were so much exercised in their minds over the idea that 
some large corporation is going to monopolize the ore sup- 
ply of this continent. It would seem to me, after spending 
years in investigating this subject, that this is one of the 
most foolish and absurd notions that could possibly possess 
the human mind. When the. Almighty created the North 
American Continent, there are five things which he scat- 
tered with such a profuse hand that the greatest combina- 
tion of capital that it is possible to make could not in any 
sense control their supply. These five things are, iron ore, 
fuel, limestone, water and air, the essential basic elements 
to the manufacture of all iron and steel. These combined 
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with energy and a reasonable amount of capital are capable 
of building up, not a vast monopoly of the business, but 
individual local manufactories in various parts of the coun- 
try, which can supply the wants of the people at reasonable 
rates, at a reasonable profit. And the supply of materials 
is so vast, the energy of this country is so great, and the 
accumulation of capital is so rapid, that the North American 
Continent will in the near future be the great iron and steel 
producing country of the world. 

In conclusion, no one doubts the immense quantity of 
‘lean magnetic iron ore in what is known as the East Mesaba 
region, and extending as a matter of fact into Canada along 
the north shore of Lake Superior for hundreds of miles. 
But this ore is so fine-grained and of such an excessive 
hardness that the preparation of the ore, with any known 
mechanical device at the present time available for the work, 
is an expensive and costly proposition. 

No one doubts that these ores will be used in the future 
and that these difficulties will be overcome either by an 
advance in the selling price of iron ore or the reduction in 
the cost of preparation. Either one would make these 
ores available in large quantities. 

‘On the other hand the magnetites of the Lake Cham- 
plain district are coarsely crystalline and easily crushed, 
so that the cost of preparation and Separation is compara- 
tively small when compared with the fine-grained hard 
magnetite of the class of the Eastern Mesaba ores. Their 
situation within a few miles of water transportation and 
the fact that they require no preparation such as sintering 
or briquetting, coupled with the fact that they can be made 
commercially purer and freer from deleterious ingredients 
than the majority of ores from any other district, make it 
certain that today, with this large quantity of crude material 
available, a modern iron and steel plant, capable of manu- 
facturing all classes of iron and steel materials in their 
finished state, could be constructed at tidewater on the 
Bay of New York that could produce iron and steel articles 
for foreign and domestic use at a price as low as at any 
known point in this country. 


THE VALUE OF FIRST AID AND SCIENTIFIC 
SURGERY IN INDUSTRIAL COMPANIES. 


Witu1am O’Nerii SHerman, M.D. 
Chief Surgeon, Carnegie Steel Company, Pittsburgh. 


A true appreciation of the significance of proper first aid 
and the after-treatment in injuries arising from industrial 
pursuits is becoming more and more necessary to the suc- 
cess of business enterprises. I therefore submit briefly a few 
suggestions and recommendations for the recognition of a 
surgical organization by large industrial companies. 


ILLUSTRATIONS OF THE VALUE OF First AID. 


The first aid treatment has practically control over the 
final outcome of these cases. To give you an idea of the 
value of first aid properly administered I will say that dur- 
ing the past three years the Carnegie Steel Company has 
been able to reduce the number of infected cases from 50 
per cent. to .1 per cent., or from 500 to slightly over 1 per 1000 
cases. The infected cases take three and a half times as 
long to recover as the non-infected cases. The number of 
amputations, excisions and stiff joints resulting from infected 
cases is very great, while in the non-infected cases it is 
reduced to a minimum. The economic gain must be appar- 
ent to everyone when the loss of time, expense of treating 
the cases, together with the resulting permanent disability, 
are taken into consideration. The primary object of first 
aid is to furnish an aseptic or clean dressing that will pre- 
vent infection of the wound. Its further activities are to 
supervise the removal of the injured person to the home or 
the hospital and to render appropriate assistance in cases 
of shock, heat exhaustion, gas poisoning, freezing, etc. 


ConpDITIONS OF Success IN First Arp Work. 


First aid, to be successfully applied, is dependent upon 
three factors: 
1. Properly equipped and organized emergency hospitals. 
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Where the number of accidents is sufficiently large, a modern 
emergency hospital with necessary equipment, in charge of 
qualified surgeons and female nurses, should be installed. 

2. The intelligent co-operation of all employees. The 
success of the movement is in proportion to the interest and 
enthusiasm shown by the operating managers. All officials 
and workmen should familiarize themselves with the rules 
and regulations on this subject. 

3. Education of the individual. The education of the 
employee is accomplished by the organization of first aid 
squads throughout the works. The revised American Red 
Cross Text Book on first aid is used as a standard work. 
Each class is given twelve lectures and demonstrations. 
Competitive meets, at which prizes are given to winning 
crews, are held to stimulate and keep up interest in the work. 
In the near future the Carnegie Steel Company will have 
6000 trained first-aid men in the organization. 


PROCEDURE IN CASE OF ACCIDENT. 


If an injury occurs, it is immediately reported to the fore- 
man in charge, who makes out a 
written requisition for the Works’. 
Doctor to render treatment. If the 
injury is a minor one, the patient 
is taken to a conveniently located 
stretcher box, where a first aid pack- 
age (sealed and aseptic) is located. 
This package contains one ampule of 
aromatic spirits of ammonia, one tri- 
angular bandage, one roll of gauze 
bandages and one gauze compress. 
The necessary dressings are applied 
by the captain of the first aid squad 
and the patient is directed to the 
emergency hospital. Should the in- 
jury be of such a character as to 
render the patient unable to walk, 
a Reeves Stretcher is secured from 
Stretcher Box, a stretcher box—of which many are 
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conveniently placed throughout each plant—the patient is 
wrapped in a blanket and taken to the emergency hospital 
by the first aid squad. There the patient is given the 
necessary treatment by the attending doctors and nurses, 
after which he is sent either to his home or to a general 
hospital, where the case is placed under the care of the 
chief surgeon. Automobile ambulances are used to carry 
patients from the place of injury to the hospital and to 
the homes of the injured. Special arrangements are made 
whereby private accommodations in the hospitals are pro- 
vided for all cases. The care of the patient is placed in 
the hands of the operating room, ward nurses and surgeons, 
all of whom are in the employ of the company, thereby 
assuring the best of attention and ultimate results. The 
surgical organization of the Carnegie Steel Company is com- 
posed of 41 doctors and 25 trained nurses, with 23 emer- 
gency hospitals. 


SOME OF THE RESULTS ACCOMPLISHED. 


The use of the pulmotor (a machine used for artificial 
respiration) has been the means of saving eight lives during 
the past year. 

A perusal of reports reveals the fact that 8000 foreign — 
bodies have been removed from the eyes by doctors and 
nurses of the company, without one complication resulting © 
to an employee. The old-time practice of unskilled fellow 
employees removing cinders and particles of steel from the 
eye should be strongly condemned; it is frequently followed 
by serious complications—even to the loss of sight. 

While the surroundings and the character of employ- 
ment will always, to a certain extent, determine the number 
of accidents, the results of these injuries can be greatly 
reduced in seriousness by prompt and skillful treatment. 
The failure to properly administer first aid and the subse- 
quent lack of efficient surgical attention, has in the past 
added to the death list of many whose lives might have 
been saved, and has steadily recruited the army of maimed 
and Bapied: 

Many instances could be cited to show the economic 
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advantages of ‘‘ Modern Surgery,” at the same time bearing 
in mind the fact that success in the treatment of the case is 
dependent upon the first aid treatment rendered. One great 
advance has been the use of steel plates and screws in treat- 


Surgical steel plate, used in treating fractured bones. 
(Showing actual size and shape of four-hole plate.) 


ing fractured bones, thereby greatly reducing the disability 
of the injured, and the saving of arms and legs which would 
formerly have been amputated. During the past three and 
a half years 146 of these operations have been successfully 
performed. 

From an extensive experience I see clearly the importance 
of this question and feel certain that if the various industrial 
companies adopt the suggestions offered, inside of twelve 
months you will be convinced of the great humane advan-- 
tages of a surgical organization. 


PME IMPORTANCE OF FIRST AID TO THE 
INJURED. 


JoHn B. Lowman, M.D. 
Chief Surgeon, Cambria Steel Company, Johnstown, Pa. 


It has been my good fortune to be associated for the past 
eighteen years as assistant and chief surgeon to what I believe 
to be the pioneer industrial hospital, that of the Cambria 
Steel Company. In this short time, the progress for the 
betterment of the employees and relief of those injured has 
been remarkable, not only from the humanitarian stand- 
point, but from the financial as well. This, I think, has been 
especially true in the Cambria Steel Company’s plant. It 
has been proved by lessening the average loss of time of the 
employees as compared with that of previous years, by dim- 
inishing the number of damage suits, and by reducing the 
number of crippled and deformed men. When a company 
shows that it is interested in the welfare of the men, both in 
educational lines and the care of the injured, there is re- 
ciprocally more interest taken by the employees in the wel- 
fare of the company. 


A GuANCE BACKWARD. 


My father and my grandfather were both surgeons, and I 
have seen this branch of surgery develop almost from its 
infancy. When we look back to the earlier days when no 
means were at hand to apply a dressing at the plants, when 
for many plants there was no hospital within miles, when the 
injured had to be treated at home, we can understand that 
the surgeon had many embarrassments and complications to 
contend with in the treatment he had to give and the opera- 
tions he was required to perform. ‘There was no convenient 
or suitable place to perform the simplest operation. ‘There 
was no trained nurse to carry out his instructions. In fact, 
all sorts of complications handicapped the surgeon. Many 
times the surroundings being positively dirty. Not even a 
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clean bandage or dressing could be had to apply to a wound 
after operation. No prepared ligatures, no absorbent cot- 
ton, no lint or gauze could be bought, but all had to be pre- 
pared by the surgeon himself as the emergency required. 
No questions were asked as to the cleanliness or sterility of 
any dressing. It was just such conditions as these that 
induced the Cambria Steel Company in 1887 to start and 
maintain a hospital and a system of first aid. 


Somr Goop RESULTS OBTAINED. 


Time will not allow me to go into detail and to give sta- 
tistics and mortality showing how accidents have decreased. 
Over this short period of time it has led to a system that 
gives the injured employee the very best for the relief of his 
sufferings. It is the purpose of the company to try to bring 
out the value of instruction in first aid and the care of the 
injured. This instruction has a far-reaching effect. It is 
carried to the homes of the employees, where the families 
are taught to improve the social and hygienic conditions of 
their homes. This has been impressed more than once 
upon me when visiting the afflicted at their homes after 
their return from the hospital. You see their homes tidied 
up, nice clean bed-clothes on the bed, windows up and good.” 
ventilation, and they have learned the necessity of bathing. 
One morning I was called to the house of a foreigner where 
the surroundings were, to say the least, uninviting. The 
house was dirty. The windows were closed tight. The air 
was foul. The mother and children were in such a condi- 
tion that I believe she would have to wash their faces to 
tell one from the other. I had the man sent to the hospital 
for a badly infected leg. After a few weeks’ stay in the hos- 
pital, he was discharged. I had occasion later to be in the 
vicinity in which he lived and stopped in to see him. To 
my surprise, conditions were much improved. The home 
was cleaner. The windows were open. ‘The children were 
recognizable. When questioned if he had had a house- 
cleaning, he replied, “Everybody wash and clean every day, 
feel good and like hospital.” I merely mention this as one 
of many of the good results that come from this work. 


IMPORTANCE OF FIRST AID TO THE INJURED—LOWMAN 113 


War’s LESSONS. 


When we look back before the days of first aid and think 
of the many limbs that were sacrificed, the many stiff joints 
and the many crippled men, some of whom you see sitting 
around the works yet, and compare former conditions with 
those of the present, we can see that the advance for the 
safety and care of the employees has been very great. The 
sacrifice of a limb nowadays is regarded as a defeat for the 
surgeon. This has all been brought about by the intelli- 
gent instruction in first aid among the working men. The 
primary dressing means, in many cases, the life or the future 
usefulness of the injured. This has been proven not only 
by the steel companies but also by the history of our wars. 
During our civil war a wounded man was brought to the 
hospital with a piece of tobacco (usually taken from some 
other person’s mouth), waste, oil, grease, or anything that 
was dirty, thrown over the wound, something that was 
almost sure to infect it. Not being satisfied with this alone, 
a bottle of whiskey was usually handy. The poor unfortu- 
nate was filled up with this liquor, and by the time he arrived 
at the hospital he was sometimes howling drunk. The sur- 
geon had to deal not only with a bad ease of infection, but 
also with a sobering up process, all of which decreased the 
resisting power of the patient and necessitated his stay in 
the hospital twice as long as should have been necessary. 


VaLue or INsTRUCTION IN First AID. 


How different conditions are today. There are usually 
well-instructed men in every department of a great plant, 
with emergency boxes, clean gauze, cotton and bandages, 
and everything for the relief of the unfortunate until he 
arrives at the hospital. The patient is made as comfortable 
as possible under the circumstances. His mind is clear. 
The wound is dressed intelligently to. prevent infection. 
All this means a speedy recovery, and making his stay in 
the hospital shorter. ae 

That a man has a dirty or greasy hand is no reason why 
he should have an infection, if he is not an alcoholic, if his 
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resisting power is good, and if he has the proper first aid 
treatment. Gradually, by the first aid instruction and by 
practical experience on the part of the men, they have 
become educated to the seriousness of infection, and if the 
case becomes infected, the first-aid squad look on their part 
of the treatment as a grave mistake, just as the nurse and 
the surgeon do. 

The infection of all wounds five or six years ago run from 
five to seventy-five per cent. I am glad to say that it now 
runs only from one-fourth to one-half of one per cent. And 
it should be lower. When you think of it, this is marvelous. 
This reduction must be credited to the First Aid System 
which all industries are acquiring. 

Let me give another illustration, taken from the Cambria 
Steel Company’s Surgeon’s Reports. During the period 
from 1900 to 1905 the Company employed, I believe, from 
twelve to fourteen thousand men. There were three hun- 
dred and forty-seven amputations, including fingers and toes. 
From 1906 to 1912, during which time, outside of this year, the 
tonnage was the largest in the history of the plant and there 
were employed from nineteen thousand to twenty-one thou- 
sand men, there were only two hundred and seventy-one 
amputations, including fingers and toes. Moreover, in this 
time the compound fractures and crushes increased, which 
in the earlier days would almost always have meant ampu- 
tation. With the increased tonnage and number of men 
employed, the loss of limbs is decreasing, which must be 
largely credited to the first aid and safety appliances. Part 
of the credit is due to the fact that the cases are all under 
the supervision of one head and not treated promiscuously 
by many different doctors, which is an important point in 
obtaining the best results. 


Crepit Dur U. 8. GovERNMENT AND RED Cross. 


A place where we usually find the most critical cases is 
in the mining department. It has always been a problem 
how best to treat this class of cases, as sometimes many 
hours pass before they can be brought to the surface. Here- 
tofore, there were no methods provided for the resuscitation 
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of cases overcome by gas, no emergency or safety appliances 
kept in the mines. If the injured men lived to be brought 
out of the mine, many of them were in a deplorable condition 
when they reached the hospital. The national government 
and the National Red Cross Association have taken an active 
part in this work; and with their rescue cars sent around to 
different mines, and the instruction of teams for first aid 
among the men, the results have been marvelous. It is 
interesting to see the ingenuity of some of First Aid men, 
and how comfortably the patients are transported. With 
the introduction of helmets, pulmotors, and oxygen, these 
men are able to be brought out, and many times the lives of 
the unfortunates who have been asphyxiated are saved. 


Has Ir Paw? 


In conclusion, has the first aid paid? It most certainly 
has. It has reduced the number of deaths. It has pre- 
vented the loss of limbs. It has diminished the number of 
crippled men. It has reduced the number of infections from 
seventy-five per cent. to one-half of one per cent. It has 
decreased average loss of time of the injured to one-fourth 
of what it was. It has impressed the importance of cleanli- 
ness, fresh air and regular habits, and has thereby increased 
the disease-resisting power of the patient. 


AFTERNOON SESSION. 


During the noon intermission the regular monthly meet- 
ing of the Directors of the Institute was held. 

At this meeting, the first following the annual meeting 
of the members for the election of directors, the following 
officers were re-elected to serve for the Institute year ending 
April 30, 1914: 


IPTUSIGCI GA. cet ee eee eee ELBert H. Gary 
First Vice-President........ PoWwELL STACKHOUSE 
Second Vice-President........... Wiis L. Kine 
Third Vice-President....... CHARLES M. ScuowaB 
ETeasOrel. s:c.5 te. eee ....HDWARD BAILEY 
Secretary. digs eu a ee James T. McCieary 


And Chicago was chosen as the place for holding the 
Fifth General Meeting in the latter part of October, 1913, 
the exact days to be determined later. 

At the opening of the afternoon session, Mr. James A. 
Campbell, President of the Youngstown Sheet and Tube 
Company and one of the Directors of the Institute, moved 
that, as the members of the Institute believe in publicity, 
reporters for the daily press be hereafter welcomed to the 
meetings, in addition to representatives of the trade press, 
who have, from the beginning, enjoyed that privilege. The 
motion was unanimously adopted. 

President Gary then renewed his invitation to those on 


the program to proceed in the order indicated without 
further introduction. 
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Mr. President and Gentlemen : 

In presenting a paper before this Institute on the man- 
ufacture of by-product coke for metallurgical purposes, I 
wish to state that this is too comprehensive a subject to cover 
in detail within the time available at this meeting, but I 
will endeavor to place before you a few outlines, which I 
hope will prove of some value to all the varied industrial 
interests represented here today. 

It is quite appropriate that this year, being the twentieth 
anniversary of the installation of the first by-product coke 
ovens in the United States, should be one in which the 
different technical societies have devoted a great deal of 
time to the subject by the presentation of a number of 
very valuable. and interesting papers. These papers, 
written by practical and technical men engaged in the con- 
struction and operation of by-product coke oven plants, 


have naturally covered the ground, as far as the general 


matters of interest are concerned, very thoroughly, and it 
is difficult to place before you in the outlines of this paper 
much that is novel or that has not already been touched 
upon by previous writers. 

The indication of keen interest in this subject, evidenced 
by the publication of so many papers on it within the last 
six months, is undoubtedly very encouraging, as this is 
an outward manifestation of a desire on the part of the 
industrial world to know more about this subject. 


STATISTICAL DATA.* 


Permit me to say a few words on coal and coke statistics. 

Wort. The latest figures available show that the 
total coal production of the world in 1910 was approxi- 
mately 1,277,786,160 tons, of which about 165,345,000 tons 
are estimated as having been used for coking purposes. 

The approximate production of coke in the world in 
1910 was 110,230,000 tons. This gives some idea of the 
magnitude of the industry, which, of course, has increased 


* All tons referred to are net tons. 
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since then. Unfortunately, I have found no reliable data 
to show the proportion of by-product or retort and bee-hive 
coke in these world production figures. 

Germany. The total coal production in Germany in 
1911 was 258,223,763 tons: Of this amount, there were used 
for coking approximately 38,580,500 tons, from which were 
produced 28,003,911 tons of coke, all in retort ovens. 

Of these retort ovens, about 80 per cent. were of the by- 
product recovery type, while 20 per cent. were of the non- 
recovery type. Bee-hive ovens were abandoned in Germany 
about twenty years ago as being too wasteful and the coke 
made in them too expensive for their coal conditions. The 
German coal cost is high, due to deep shaft mining, irregular 
and frequent thin seams, steep dip of seams and compulsory 
gob filling. These conditions compelled the German manu- 
facturers to develop the retort oven as the most economical 
means of coking their coal, enabled them to increase their 
yield of coke from coal, made available the gas evolved in 
the coking process and permitted the recovery of the valuable 
by-products, such as ammonia, ammonium sulphate, tar, 
benzol, etc. 

Unirep Srares. The total bituminous coal production 
in the United States in 1911 was 405,757,100 tons, of which 
53,278,248 tons were’ used for manufacturing coke. The 
coke production in 1911 was 35,551,489 tons, of which 27,- 
703,644 tons were made in bee-hive ovens and 7,847,845 
tons were made in by-product ovens. 10,446,584 tons 
of coal were used to produce the by-product coke and 
42,831,664 tons of coal were used to produce the bee-hive 
coke. From the above, it will be seen that about 22 per 
cent. of the total coke production in this country was from 
retort ovens as against 100 per cent. in Germany. 

In this connection, I should like to call your attention 
to the fact that Germany recovered its by-products in 
1911 from 80% of the coke made, while the United States 
recovered the by-products from only 22 per cent. of their 
coke made. The United States are, therefore, far behind 
in the conservation of their coal and its by-products as 
compared with Germany. 
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Unttep States STEEL Corporation. The United 
States Steel Corporation in 1912 used a total of 40,877,862 
tons of coal. For coking purposes, the Steel Corpora- 
tion used 24,401,577 tons of coal. They produced a total 
of 16,719,387 tons of coke, of which 5,164,547 tons were 
made in by-product ovens and 11,554,840 tons were made in 
bee-hive ovens; therefore, about 31 per cent. of their total 
coke production was made in by-product ovens. It required 
6,624,877 tons of coal to produce the by-product coke and 
17,776,700 tons of coal to produce the bee-hive coke. 

SULPHATE OF AMMONIA PRODUCTION AND CONSUMP- 
TION. ‘The following tabulations, giving the world’s Sulphate 
of Ammonia production, and also some data as to Sulphate 
of Ammonia consumption in the United States, Germany 
and the United Kingdom, have been taken from a pamphlet 
issued by the American Coal Products Company. These 
tables speak for themselves. 

SULPHATE OF AMMONIA ConsuMmpTION. The following 
table gives the estimated quantity of Sulphate of Ammonia 
and its equivalent in other forms of Ammonia consumed in 
the countries specified: 


United States Germany . United Kingdom 
Year Net Tons ‘Net Tons Net Tons 
1900 36,011 140,763 72,800 
1901 43,756 185,186 76,492 
1902 54,270 192,902 71,400 
1903 58,650 190,146 80,304 
1904 Lijeot 220,460 76,720 
1905 80,584 234,790 84,000 
1906 84,182 252,977 91,840 
1907 132,000 264,552 98,000 
1908 121,874 286,598 100,800 
1909 149,192 ' 302,030 97,440 
1910 179,178 385,805 97,440 
1911 230,743 407,851 98,000 


1912 232,003 468,478 100,800 
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FertTILIzERS Usep IN THE UnrTep States In 1910. 


I wish here to insert a table, taken from the American 


Fertilizer Hand Book, 1912, which is of great significance. 


as indicating what are the possibilities still ahead of us in 


this country in the use of fertilizers. A study of the table 


will show the enormous amount of fertilizer which will be 


required to put the consumption on a normal basis for all 
States. 
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FERTILIZERS USED IN THE UNITED STATES IN 1910 


Fertilizer Value of Improved Pounds Value of 
Name or State Used, Net Fertilizer Farm Lands, Used per Fertilizer 
Tons - Used Acres Acre per Acre 
Georgia......... 1,022,048 $ 16,819,000 12,264,000 167 $1.37§ 
South Carolina... 975,039 15,130,000 6,085,000 320 2.49 
North Carolina.. 630,905 12,245,000 8,800,000 143 1.39 
Alabama........ 425,000* 7,627,000 9,687,000 88 .79 
New: York..0.:. 375,000* 7,057,000§ 14,825,000 50 .A8§ 
Wirpiniasen.. 2 2ac 344,951 6,925,000 9,861,000 70 .70 
Pennsylvania.... 300,000* 6,756,000 12,660,000 47 .53 
Maryland....... 225,000 3,375,000 3,353,000 137 1.01 
One ety is 7. : 175,000* 4,163,000 19,210,000 18 22 
Bloridae i acces 172,641 4,930,000 1,803,000 191 2.74 
Indiana......... 151,856 3,695,492 16,903,000 18 22 
Mississippi... .. 132,776 2,699,000 8,959,000 30 .30 
INTRA es Oe ora). 125,000* 4,063,000 2,358,000 106 ce, 
New deny ake 125,000 4,206,000 1,800,000 139 2.34 
IATIZODA. <a oe ace 200* 6,000 349,000 1 .O1 
Arkansas... ... 25,000* 596,000 8,062,000 6 .07 
California....... 36,660 2,132,000 11,380,000 6 .19 
Colorado... .... 2,000* 58,000 4,291,000 Lovee WT) 
Connecticut... . 62,500* 1,930,000 984,000 2S OG 
Delaware....... 23,000 864,577 714,000 64 121 
ld ahoutnses Ue, 700* 21,000 2,773,000 .50 .008 
Illinois......... 32,000 571,000 28,005,000 2 02 
i See 3,500 107,000 29,467,000 24 — .004 
EGADSAS Sec « 2,400* 73,000 29,858,000 .16 .002 
Kentucky....... 58,000 1,348,000 14,334,000 8 .09 
Louisiana....... 88,396 2,001,000 5,268,000 34 .38 
Massachusetts... 65,000* 1,931,000 1,162,000 112 1.66 
Michigan....... 40,000 936,000 12,819,000 6 .07 
Minnesota...... 2,100* 63,000 16,609,000 “oT 1003 
Missouri........ 31,585 662,000 24,528,000 3 ‘02 
Montana....... 200 10,000 8,631,000 A .002 
Nebraska....... 1,000* 29,000 24,356,000 .08 .001 
Nevada.. 160 8,000 745,000 .43 OL 
New Hampshire. 50,000* 510,000 927,000 108 .55 
New Mexico.. 480 24,000 1,464,000 .65 .02 
North Dakota... 300* 9,000 20,439,000 .02 .0004 
Oklahoma...... 8,000 26,000 17,496,000 91 001 
Oregon.......... 2,520 63,000 4,253,000 1 02 
Rhode Island.. 10,300 309,000 178,000 115 1.74 
South Dakota. . 350 11,000 15,802,000 .04 0006 
Tennessee....... 58,612 1,212,000 10,875,000 11 ll 
ERORAS Et ee oncavers 34,000 589,000 27,120,000 3 .02 
Witenes Pettaeeieac : 380* 19,000 1,357,000 . 56 .OL 
Vermont........ 22,000 570,000 1,633,000 27 135 
West Virginia... 32,500 520,000 5,482,000 12 .09 
Washington..... 2,000 79,000 6,354,000 63, 5.04 
Wisconsin....... 2,500 122,000 11,882,000 ASS OL 
Wyoming....... 100* 5,000 1,256,000 .16 .004 
Total......... 5,878,659 $117,205,069§ 477,448,000 {25 


* Estimated. The values and areas given are from the U. S. Census ad- 
vance reports. The quantities of fertilizers consumed are in most cases those 
given by the State officials as actual figures or as estimates. 

’ § Revised. + Approximate. 
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HISTORICAL. 


The earliest form of coke oven was the old mound- 
shaped Meiler, used primarily for charcoal, and then for 
coke burning. 

The sides and the top of the old Meilers were made of 
sod, later of clay and finally developed into stone or brick 
side-walls. Air passages were made in the early Meilers, 
to allow of the proper combustion of the gases. These 
passages were partly vertical and partly horizontal. 

As the walls beeame more permanent, the passages 
became flues, and from these were developed the two types 
of horizontal and vertical flue ovens, up to their present 
state of efficiency. The Meiler itself was developed into 
two distinct types of ovens—the mound or bee-hive and 
the rectangular or retort. 

The following are extracts from a chronological state- 
ment made some time ago, showing the typical historical 
events in the development of retort coke ovens with recovery 
or non-recovery of the by-products. 

100 B.C.—It appears that the Chinese used coke as 
an article of commerce some two thousand years ago, and 
in the Middle Ages it was manufactured for use in the arts 
and for domestic purposes. 

1620 A.D.—This is the earliest record that we have 
of coking coal in a regular oven, when a patent was granted 
to Sir William St. John, in England for making coke in a 
bee-hive form of oven. 

1700.—J. Becher, a German chemist, took out a patent 
to save tar from coking coal, and to utilize it for preserving 
ropes and wood. 

1737.—Clayton, of England, appears to have been the 
first to notice that in addition to coal tar and oils, a com- 
bustible gas was formed when coking coal. 

1781.—A patent was issued to the Earl of Dundonald 
for making coke in bee-hive ovens, and also for producing 
‘tar, pitch, essential oils, volatile alkali, mineral salts, etc.,” 


rr op © 
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which appears to be one of the early, fairly successful at- 
tempts at saving the by-products. — 

1792.—Wm. Murdoch, a Scotchman, who was a me- 
chanical engineer, associated with James Watt in steam 
engine building, is’ recorded as being one of the first to 
experiment successfully with making gas from coal, in 
retorts. 

1812.—The streets of London were first lighted by gas, 
presumably an outcome of Murdoch’s experiments. 

1826.—We find the first definite records of bee-hive 
coke being manufactured in England on a fairly large scale 
for metallurgical purposes. 

1830.—The first records of’ the rectangular, or retort, 
oven are found in Germany, having open walls, forming a 
rectangular space which contained the charge. The walls 
were pierced by horizontal and vertical flues. 

1834.—The first gas from retorts in the United States 
was made, together with gas coke, and William Firmstone, 
in 1835, made good grey forge iron at the Mary Ann Fur- 
nace, in Huntington County, Pennsylvania, from Broad 
Top Coal. 

1841.—The first Connellsville coke ovens are said to 
have been erected and the coke shipped to Cincinnati, Ohio, 
by water. 

1857.—In this year, Appolt built his first ovens in the 
shape of vertical and later horizontal retorts. He utilized 
his gas only for heating his oven through horizontal flues. 
He represents practically the first type of closed retort 
coke oven, utilizing the gas for its own heating. 

1861.—Coppee built the first of his Belgian type of 
ovens, and was the first to demand the use of crushed coal. 

1893.—The first battery of Semet-Solvay ovens was built 
at Syracuse, N. Y. 

1895.—The first battery of Otto-Hoffman ovens was 
built at Johnstown, Pa. 

After 1895 progress in the construction of by-product 
coke ovens in the United States was somewhat slow. The 
constructive difficulties of a by-product plant were many 
in the earlier days and the successful mechanical and chem- 
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ical features in so complicated a system had to be worked 
out by careful study and experience. The subject was 
somewhat tempting to many engineers and inventors and, 
particularly in Europe, a great variety of systems was 
proposed. Many were tried out and failed, so that it was 
naturally difficult for the American engineer to decide what 
system to adopt without running too great a risk in sub- 
sequent operation of the ovens. 

Gradually, as the European types were developed, 
minor types were eliminated more or less and the Europeans 


settled down to practically three or four standard types, — 


which were the Otto-Hoffman, Koppers, Collin and Coppee. 
The Semet-Solvay Company had, however, consistently 
been faithful to their early type of horizontal flue ovens, and 
by constant study and experiment finally developed their 
present six-flue high regenerative oven. , 


ADVANTAGES OF BY-PRODUCT COKE OVENS 
OVER BEE-HIVE COKE OVENS. 


The great advantage which the by-product coke oven 
has over the bee-hive oven lies in a number of factors: 

1. The by-product coke plant can be constructed at or near 
the blast furnaces which are to consume its coke, and thus 
be under the same management. 

2. It is practicable to ship to it coking coals from any 
section within a radius of a favorable freight rate. 

3. Many coals not suitable for coking in bee-hive ovens 
become available for by-product ovens by mixing with other 

coals and are so used to make a first-class blast furnace coke. 
; 4, Coking coals in by-product ovens permit of the full 
recovery and use of the very valuable by-products and 
the gas. 

5. The cost of making by-product coke at the iron and 
steel works is considerably less than the cost of making 
bee-hive coke at the coal mines and transporting the coke 
to blast furnaces, especially when located some distance 
away from the bee-hive districts. 
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6. The profits thus obtained give a substantial return on 
the investment in by-product coke plants, large though 
such investment may at first appear. : 

In fact, the by-product coke oven is changing the eco- 
nomic geography of the available coal fields for coking pur- 
poses in the United States. 

This is not the case with the bee-hive ovens, which in 
most cases are placed near the coal mine that supplies their 
coal, and when the mine is exhausted the bee-hive plant 
has to be abandoned. Many coals from large fields will 
not coke at all-or only partially in bee-hive ovens, and the 
recovery of by-products from -bee-hive ovens, while fre- 
quently attempted, has almost invariably proved to be an 
economic failure. 

It is true that in Germany a number of by-product coke 
oven plants are built at the collieries and ship the coke to 
blast furnace plants, but conditions are somewhat different 
over there and many of the large steel works are located at 
or near the collieries and thus are able to utilize more directly 
the surplus gas produced in the by-product oven. 


Costs, Brn-HivE versus By-Propuct CoKE OVENS. 


A great deal has been said about the comparative cost of 
by-product coke ovens versus bee-hive coke ovens. We have 
studied this very carefully and find that this is dependent 
entirely on the location of the bee-hive oven plant and the 
attendant conditions of such a location. Comparing, for 
instance, a by-product plant at Gary, Ind., with a bee-hive 
plant in the Pocahontas, West Virginia, region, both on a 
large scale, and taking into consideration the mine invest- 
ment, houses required fer workmen and everything con- 
nected with the construction ready for operation of either 
type, we find that the bee-hive oven installation complete 
costs more than the by-product oven installation complete 
for the same number of tons coke produced per year. Com- 
paring theabove by-product plant with a similar bee-hive oven 
installation in the Connellsville regions, where all conditions 
are more favorable and where the difference in the yield of 
coke from coal coked in the bee-hive oven and in the 
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by-product oven is very materially less than it is in the Poca- 
hontas region, we find that the cost of a bee-hive oven installa- 
tion complete is considerably less than the cost of a by- 
product coke oven installation complete, per ton coke 
produced per year. 

A feature of supreme importance in the use of the by- 
product oven is the greater coke yield obtained in this type 
than in the bee-hive oven from the same coals. This 
amounts to about 23 per cent. to 25 per cent. in the low 
volatile coals, such as Pocahontas, and from 5 per cent. to 
12 per cent. in the high volatile coals, dependent on their 
original content of volatile matter. This subject is not 
fully understood and generally appreciated and yet is of 
vast importance in the conservation of our coal fields. 
A concrete example will be of interest: 


PocaHontTas Coat CoKED IN 


Bee-Hive By-Product 
Coke Oven Plant. Coke Oven Plant. 
Number of Ovens..........-.-.+: 6,154 560 
Cokines Times a.ee ete oo ces Hepa ie 72 hours 171% hours 
Yield of Coal to Coke............ 60% 82% 


Net tons of coal required to pro- 
duce 2,880,000 tons coke per 
VAD wisi etes See lhe ds oe ian 4,800,000 3,512,000 


Net tons of coal saved per year by 
use of by-product coke ovens for 
above. coke productions: 1. oe a) mere 1,288,000 


This amount of coal saved, if it were coked in by-product 
ovens, would produce about 1,000,000 tons of coke per year. 
What this means in coal conservation, is so plain that no 
further comment is necessary. 


COAL DATA. 


Mixture oF High anp Low VouatILtE Coats. As to 
the use of high or low volatile coals, alone or in mixture, 
for the purpose of making a good blast furnace coke, our 
experience has been varied. We started at Joliet making 
coke out of 60 per cent. high volatile and 40 per cent. low 
volatile coals, finally settling on 20 per cent. high volatile 
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and 80 per cent. low volatile coals. Neither mixture gave 
us any trouble in the coke ovens, but the 80 per cent. low 
volatile mixture gave us a better furnace coke. Later, 
however, when we understood the operation of the ovens 
more thoroughly and our oven organization had been taught 
to do better team work, we found that we could make a 
first class furnace coke out of 40 per cent. high volatile and 
60 per cent. low volatile coals. 

At the Farrell, Pa., by-product plant we are using success- 
fully 60 per cent. of high volatile and 40 per cent. of low 
volatile coals. At our Birmingham, Ala., by-product plant 
we are using a mixture of medium coals, averaging about 29 
per cent. in volatile matter. 

At Wheeling, W. Va., the Semet-Solvay ovens are making 
coke for the Riverside furnaces of the National Tube Com- 
pany out of 80 per cent. high volatile Connellsville coal and 
20 per cent. low volatile coal, averaging 32 per cent. in 
volatile matter. 

At the Zenith furnace, at Duluth, I have seen some very 
fair looking coke made out of 100 per cent. Pittsburgh seam 
screened coal, averaging 36 per cent. in volatile matter. This 
was used in a small furnace and it might be a question as to 
how such coke would work in a large furnace. 

You can, therefore, see that it is not safe to lay down any 
hard and fast rule as to whether the by-product coke oven de- 
mands high or low volatile coal, nor are there any definite pro- 
portions that determine the value of the quality of the coke. 
It is a question of cutting and trying and above all of having 
uniform and good coke oven operations and adapting the 
furnace practice to these conditions. Eternal vigilance and 
the least possible variation in the operations is the sine qua 
non of successful by-product coke oven operation. 

WEATHERING OF Coat. There is another factor which 
though not yet fully understood, affects the quality of the 
coke: quite materially, and that is the deterioration in the 
coking quality of the coal from weathering. We have 
found that some of our coals, especially the low volatile 
ones, when exposed to the weather in large stock piles for 
a certain period of time, will heat and the resultant coke 
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will be rough and almost furry in appearance and seriously 
affect the furnace practice. This appears to be the case 
to a much less degree in some high volatile coals. In fact, I 
have been told at Duluth that the Pittsburgh seam slack, 
when not crushed too fine, will show but very slight effects 
of weathering after having lain all winter in the stock pile. 

Coat CrusHinc. The process of preparing the coal for 
coking, so as to get the best quality of coke, involves, in 
the first place, proper crushing and, if several varieties are 
used, proper mixing. As a rule, we find that fine crushing, 
say to 85 per cent. of the coal to go through an 4-inch screen, 
is advisable. The crushing has the effect of breaking up 
the particles of slate so that they will be intimately mixed 
with the coal and, therefore, distribute themselves evenly 
through the cellular structure of the coke, while any larger 
pieces of slate in the coke always break the bond of the cellu- 
lar structure and give more chance for the undue breakage 
of the coke into small pieces. Besides, I think there is a 
tendency towards a slight fusion effect of the finer crushed 
ash material in the cellular structure, which may have. a 
tendency to strengthen it somewhat. 

Coat WasHiInG. The washing of coal for the manu- 
facture of by-product coke is frequently a necessity with 
some of our American coals. In Germany, washing of 
coal for coking purposes is almost universal, if not entirely 
so. At most of the plants in that country the run-of-mine 
coal is classified and the screenings are washed for coke 
oven purposes. They, however, as a rule, do not have 
much sulphur to contend with in their coals, which is a very 
different proposition from some of our American coals. 

At Johnstown, Pa., almost from the beginning of opera- 
tions the coal has been washed to reduce the ash and also 
sulphur, which latter, however, is not so excessive. The 
Tennessee Coal, Iron and Railroad Company also wash 
practically all their coals for coking purposes, ash reduction 
being the prime factor there. The Illinois coals also require 
washing and, in fact, much of the Illinois coals for steam 
and general purposes are rough washed, the coal being 
crushed to about one inch in size for washing. . 


——, 
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The washing at Johnstown is done in bumping table 
washers, while in Alabama and for the Illinois coals the jig 
washers find more favor. We will probably use a coarse and 
fine jig and have been experimenting with a wet classifier for 
the very fine coal, or “‘fines,”’ as it is called. At the same 
time, experiments are being made with dry cleaning of coal, 
but the results are still somewhat variable, though I strongly 
approve of studying out the possibilities of dry cleaning by 
means of air pressure or exhaust, as this presents many- 
advantages over the wet washing, if the former can be made 
a practical and economical success. 

That many of the coals will be greatly improved by 
washing or dry cleaning, is unquestionable. Even a com- 
paratively low ash coal will, through carelessness in mining 
or irregularity of coal seam, occasionally run high in ash 
and possibly sulphur, and washing or dry cleaning will 
remove such irregularities, giving a more uniform quality 
of coke and a better furnace practice. 

To show that the washing of coal is not a new or unknown 
feature in the United States, it may be ot interest to state 
that 21 per cent. of all the coal used for coking in the United 
States is washed. In Alabama the greater part of coal for 
coking purposes is washed. 

Coat Dryina. One of the great objections to washing 
coal at the mines lies in the fact that the present methods 
of drying the coal demand very large and expensive storage 
bins, and even then are not very satistactory as the coal 
will still contain a fairly large percentage of moisture. This 
increases the freight haulage cost from the mine to the coke 
ovens and in winter can become very objectionable through 
freezing of the coal, requiring expensive and costly thawing 
out installations. Even where the washing is done at the 
plant, the amount of water still contained in the coal after 
coming from the drying bins makes the crushing and mixing 
more difficult, and the charging of very wet coal is detri- 
mental to the oven walls, in all probability also increasing 
the coking time. 

Numerous experiments have been made to dry the coal 
mechanically and continuously, especially by centrifugal 
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methods, and we believe that we have been able to work 
out a method at the Joliet plant, which promises success, 
by continuously drying the washed coal down to 5 to 6 
per cent. moisture. This is a matter of interest to all coal 
washeries and further experimentation on this subject will 
be carried on, as it might be a determining factor in arriving 
‘at a decision whether to wash the coal at the mines or at 
the coke plant. 


QUALITY OF BY-PRODUCT COKE FOR BLAST 
FURNACE USE AND EFFECT OF OPERATION 
ON QUALITY. 


We have found in our practical experience that when 
made right, from many suitable coal mixtures, widely 
varying in volatile contents, by-product coke will give 
results in the blast furnace equal in every respect to the 
best of bee-hive coke. This, in my opinion, is unqualifiedly 
correct. It is further true that such by-product coke is 
preferable to bee-hive coke when the latter has been shipped 
from different coking operations and thus made from dif- 
ferent coals, because the by-product coke when made from 
the same coal mixture is more uniform chemically and 
physically. I could point to some very unsatisfactory 
experiences where fifteen or more different kinds of coal 
were shipped to the by-product coke ovens, the resultant 
coke being very irregular both in analysis and physical 
quality. I emphasize when made right in referring to 
the quality of the by-product coke, for upon this depends its 
value. 

The type of oven is not of such prime importance in this 
respect as the proper operation of the oven and the uniform- 
ity of its coal mixture. There are now five or six types 
of by-product ovens in operation, all of which are good. 
Some are more simple in construction and operation than 
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others, but all are capable of making a good coke from similar 
coals if properly operated. That is the crux, and I want to 
call your particular attention to this. 

The by-product oven being a more delicate and com- 
plicated apparatus than the bee-hive oven naturally requires 
more care and attention. The coking time must be brought 
to the lowest practical point. This must be determined by 
experience. It must then be held there as closely as possible. 
The pushing must be regular; the temperatures of flues— 
and hence of ovens—must be held to conform to the coking 
time and be kept uniform. Over-coking is fatal to good 
coke, tending to make a friable and small coke. Further, 
the pressure exerted in pushing over-coked coke always 
tends to produce a larger percentage of small coke than 
when pushing a normally coked oven. Under-coking is 
bad, though, in my opinion, perhaps slightly less so than 
over-coking, tending to the production of lumpy coke, black 
soft ends and a softer cellular structure throughout. In- 
creasing the coking time beyond what it should be, has 
always given us bad results when tried. 

Our experience so far indicates that when it becomes 
necessary to curtail the production of coke, it is distinctly 
more profitable to suspend operations on one battery of 
a plant, keeping it heated with gas, and that the only time 
we are justified in prolonging the coking time is because of 
a temporary coal shortage likely to last but a short time. 
The experience at the Joliet ovens, where we have suspended 
operations on one battery a number of times, fully justifies 
the statement that it is preferable to do this than to prolong 
the coking time, which will then deteriorate all of the coke 
produced. 

The uniformity of the coal mixture has a very important 
bearing on the quality of the coke. Each coal has its own 
individual characteristics in affecting the quality of the 
coke. In the case of some coals, this difference is slight 
and negligible; in the case of most coals, it is marked and 
distinctive and has probably not been as fully understood 
or realized as it should be and will be in the future. 

A tabulation showing what we consider good physical 
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tests for a standard quality of blast furnace coke may 
here be of interest: 


SHATTER TEST Srecrric Gravity Porosity or 
Percentage 
Through On of Cell 
MIxtTuRE 2-in, 2-in. Apparent True Space 
, Screen Screen 
80% Pocahontas... 
20% Ronco:...... ; 15.16 84.84 .976 1.841 47.03 
80% Pocahontas... = 
Se Sea es \ 16.11 83.89 950 1.824 47.92 
60% Pocahontas... 
40% Vance athe \ 14.06 85.94 -992 1.834 46.31 


CONSTRUCTIVE FEATURES OF BY-PRODUCT 
COKE OVENS. 


Brick. As to the constructive features of a by-product 
coke oven, there is not time to go into this in great detail, 
so I will confine myself to some general facts. When the 
Coke Committee was discussing the construction of the 
Joliet ovens, they realized the importance of a shorter cok- 
ing time than that of the German ovens, which then had a 
coking time of about 28 to 34 hours, and this brought up 
the question ot the brick to be used. We required a strong 
brick that would stand the abrasion, the high temperature 
and permit of a rapid transmission of heat into the coal 
body from the flues through the oven walls. 

The brick very largely used in Germany was a quart- 
zite. Experiments with silica brick had meanwhile been 
made by the Semet-Solvay Company and also by the Cam- 
bria Iron Company. After quite an exhaustive study of 
this subject, the coke committee recommended at Joliet, 
Ill., constructing No. 1 battery of silica brick, the raw 
material for same being obtained from the Baraboo District 
of Wisconsin; No. 2 battery of a St. Louis quartzite brick, 
the raw material being composed of Missouri clays, and 
Nos. 3 and 4 batteries of German quartzite brick obtained 
from Arloff, Germany. ) 
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Following are the average analyses of these different 
kinds of brick: 


Loss on 


SAMPLE Date Ignition S102 Fe20? Al,O* CaO MgO K?0 
Dihicae.. 246.5... 44-08 .02 GAN OGgAES neous 202 wee Lo AVS 
St. Louis Quart- ; . 

VAN CNet che Hetcic Gm i zal) 212 79-29) 2/26 16.66 .49 186 [82 
German Quart- 

ZItLei Mates Goes 3-3-08 alah Soeloyeleon . 13.49" “A364 oer LL 7 


No. 1 battery, the oven walls and flues of which consist 
of silica brick, has always been the best battery in the matter 
of heat regulation and operation, owing to the ability of the 
silica brick to transmit the heat better than the quartzite 
brick. We believe the battery whose oven walls are con- . 
structed of silica brick, will outlast the batteries whose oven 
walls are constructed of quartzite brick, both American 
and German. We have not yet had to reline any of the 
ovens constructed of silica brick, while we have spent a 
‘certain amount of money repairing the ovens constructed of 
the German and American quartzite brick. The indica- 
tions also are that we use considerably less gas to get the 
same coking time with the silica brick than we do with the 
quartzite brick. 

We do not find much difference in the operation of the 
ovens constructed of American and German quartzite brick. 

After the construction of the Joliet plant, the consensus 
of opinion of the coke committee was that all future plants 
should be built with silica brick, that is, the oven and flue 
walls, due care being taken to arrange for the necessary 
expansion. 

REGENERATORS. Regenerative ovens are more advan- 
tageous for installation at steel works, as a larger supply of 
surplus gas is available through regeneration than through 
recuperation, and this surplus gas is a very valuable asset 
to the steel plant. Later on, I will give some further data 
as to the use and value of this surplus gas. 

Whether to place the regenerators under each oven or 
longitudinally along the whole battery, has been a subject 
of considerable discussion. I have seen many ovens of the 
latter type which have given uniform combustion temper- 
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atures; but, on the whole, I prefer the type having the re- 
generators under each oven, as I think it is easier to-control. 
the temperatures in such regenerators. Also, in a battery 
of ovens of this type, operations are not liable to be influenced 
by the action of any oven either not operating properly or 
shut down for repairs or other reasons. ; 

Fiurs. As to vertical or horizontal flue systems, both 
are in operation in this country. The horizontal flue system 
ovens are doing very good work and have, in my opinion, a 
merit of simplicity, and as far as I have been able to observe, 
the combustion of gas and air in them has been controlled 
just as completely as in the vertical flue ovens, so that just 
as uniform temperatures can be attained in either system. 

The combustion in, as well as the accessibility to, the 
vertical flue ovens seems to me to be more easily and better 
controlled in those types whose flues open to the top of the 
oven than in those whose flues are only accessible from 
below or entirely closed in, and the great objection to many 
of these latter types is that if anything goes wrong at any 
time with any flue, it is almost impossible to remedy this 
without stopping the oven and tearing out some of the brick 
work, while this is not necessary in types that open to the 
top of the oven, or in the horizontal-type. It is just in this 
respect that many of the newer and some of the older types 
of ovens fail to appeal to me, because their system of com- 
bustion and carrying off of waste gases is too complicated 
and too inaccessible. 

It is sometimes claimed for these types that they will 
give a more perfect combustion by this method; in fact, 
the laudable. effort on the part of the engineers studying 
this problem is toward perfection of combustion. On the 
other hand, from a practical view point, I fail to see why 
there should not be obtainable in the standard vertical 
flue types or in the horizontal type of oven a very perfect 
combustion and temperature regulation of flues and oven 
walls. I do not see the necessity for extreme refinement 
and complication when the simpler form can, to my mind, 
be made to accomplish what is required. 

A feature to be studied and watched very carefully is 
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the construction of the flue walls in such a manner that 
leakage, or short-circuiting of air and products of com- 
bustion from one flue to the other cannot take place. This 
is usually caused at the very beginning when the oven is 
heated up and expands, and any flue system that is com- 
plicated and has more than the absolutely necessary passages 
upward or alongside the oven walls, subjects itself to danger 
from this source. It is for this reason that it is always a 
dangerous experiment to construct any large number of 
ovens without having first experimented in a practical way 
with a certain type on a fairly large scale, or to construct 
an oven from paper, that is, from drawings without previous 
practical experimentation and covering a sufficient period 
of time. 

Arr Ports AND Draucut. A very important matter 
to be kept in mind, is the area of the air ports and flues in 
which the combustion takes place, as upon it will largely 
depend the coking time. For a short coking time, plenty of 
area is required to enable the operator to burn sufficient 
gas to give him the temperatures he desires. The earlier con- 
struction rather erred in this, with the result that frequently 
there is not quite sufficient draught to give the necessary 
rapid combustion tor high heat. While this can be cor- 
rected through increased stack draught or induced draught, 
yet for new construction it is a problem worthy of very 
careful study. In my opinion, there should be one draught 
stack to every battery of coke ovens with sufficiently large 
flue area to take care of atmospheric or other fluctuations. 

TAPER OF Cox Ovens. It has been found that a taper 
of about 4 inches in the width of the oven from the pushing 
end to the discharging end is of great importance, especially ° 
where swelling coals are used, but even where this is not the 
case, a taper is always of advantage, as thereby less resis- 
tance is offered by the walls of the oven to the movement of 
the coke. After the first effort of putting the coke mass into 
motion, the pushing is made easier, less small coke is pro- 
duced and the walls of the oven are conserved. Practically 
all the different coke oven systems now have arranged their 
heating flues in such a manner that the necessary amount 
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of heat penetrates into the coal mass at the wide end of the 
oven in the same time as it does in the narrow end. 

Wipte or OvEN AND Coxine Time. The question of 
the width of oven is a very important one, and to my mind 
it has by no means been determined that the width of oven 
now generally adopted—namely, an average of about 19 
inches—is the limit to which we can go and produce satis- 
factory coke within a reasonable coking time. In modern 
systems, the heating arrangement is so flexible that with a 
wider oven sufficient increased heating can be applied to 
attain a similar coking time to that in the narrower oven. 
As a matter of fact, we built our early ovens for a 24 hour 
coking time after considerable discussion on this very 
subject of width of oven in connection with coking time. 
On the same width of oven we reduced this coking time down 
to 16.5 or 17 hours. At the Birmingham, Ala., ovens the 
taper was decreased, causing an average increase in width of 
34 inch more than in the Gary, Ind., ovens. This was for a 
high volatile coal mixture compared to the Gary, Ind., 
mixture, and yet the coking time at Birmingham is down 
to 17.2 hours and will undoubtedly be still further reduced. 
The coke ovens at Farrell, Pa., with a width of 17 inches 
and no taper, have a coking time of 20 hours. The River- 
side coke ovens, with a 17 inch width, are running on a 
20 hour coking time. 

The same applies to the use of high volatile coal. It 
has been claimed that with high volatile coal the coking 
time would be materially increased; in fact, that the coking 
time increased in proportion to the width of oven and the 
higher volatile matter contained in the coal mixture. 

I think we are demonstrating today that, with mixtures 
of 20 per cent., 40 per cent., 60 per cent., 80 per cent. and 
100 per cent. of more or less high volatile coals, we are 
having practically the same coking time, providing the 
conditions of heating the oven are sufficiently taken care of 
to accomplish this. 

We have changed our coal mixture at the Joliet and 
Gary, Ind., plants from 20 per cent. to 40 per cent. high 
volatile coal without any practical change in the coking 
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time. There is no question that we will reach a limit when, 
with the best of heating arrangements and burning i 
ample gas, we will arrive at a point where the coking time 
will become directly proportionate to the width of the ovens. 
The same may becorhe true of the larger admixture of high 
volatile coals. 

This whole subject of increased width, height and length 
is of great importance in determining the ultimate capacity 
of by-product coke ovens so far as the daily output of a 
given plant is concerned, as the greater this output is, the 
more economical the operation would become, though great 
care has to be exercised not to exceed whatever may be the 
ultimate limits of size. At present, we do not know what 
these are; I do not think, though, that we should stand still 
in our efforts to determine them. 

CoxEr Oven Doors. Another problem that we have 
all been working on for some time, is coke oven doors. The 
by-product oven ought to have a self-sealing door. The 
present system of clay-luting the doors is expensive as far 
as labor and material is concerned; it takes considerable 
time and, if not done properly, causes leakages through 
variations in pressure which burn up part of the coke and 
deteriorate the by-products and the gas. 

A self-sealing door that is simple, strong, cans adjusted 
and taken care of and not subject to warping, is a prime 
necessity. Quite a few attempts have been made in this 
direction—some of them fairly successful—but we do not 
consider that any of them are quite satisfactory as yet. 

GENERAL. There are many other practical matters 
that‘I could discuss which are of interest, such as position 
of foul gas main, charging of coal, etc., all of which require 
careful consideration and are liable to affect the quality of 
the coke, but time is lacking for these today, so I merely 
call attention to them. 

Coxe Oven Barreries. The extent of the expansion 
of a whole battery of ovens and its various directions are 
now pretty well understood, and practically all the different 
systems successfully use every proper precaution for taking 
care of them. In the earlier days, this question of expansion 
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frequently caused trouble. As to the number of ovens 
than can be included in a battery, this is practically a matter 
of choice and local conditions. We have in most of our 
plants 70 ovens to a battery, but are building one battery 
of 92 ovens and in Germany there is one battery of 120 
ovens. As long as expansion has been properly taken care 
of between individual ovens, no danger should result to a 
whole battery, regardless of the number of ovens in it. 
I would, however, hardly think it suitable for our operating 
conditions to have more than 100 ovens in‘a battery. 


COKE QUENCHING AND SCREENING. 


One of the serious problems that confronts by-product 
coke oven operators is the proper method of quenching 
and screening the coke, especially on a large scale, when 
but six minutes are allowed between the time of pushing 
one.oven and the next oven to be served by the same screen- 
ing station, as in a large plant like Gary, Ind. 

At Joliet, we have the quenching bench directly in front 
of the oven. A certain amount of water is sprayed over the 
coke as it is being pushed out of the oven and the mass of 
coke then, after steaming, is watched to note any appearance 
of red hot coke, which can be quickly quenched by hand with 
a small hose. This method of quenching permits of three 
or four charges lying in front of the battery, gives time 
enough to quench without soaking the coke and insures a 
very reasonable and low uniformity in moisture. An 
objection to this system is the heavy mass of steam formed 
directly in front of the oven while the coke is being eae 
and is steamimg off. 

At most of the other plants in the country, various types 
of quenching cars are used, into which the coke is pushed 
and then conveyed by motor or locomotive to a quenching 
station, where water is sprayed over it. After that, different 
plants handle this coke in different ways. At some plants, 
the quenching i is still done in front of the oven in the car. 
This is very objectionable. Most plants have a separate 
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quenching station away from the ovens; in some, the coke 
is held on these quenching cars long enough to steam off 
and any small pieces of red-hot coke are quenched by hand 
with a small hose. 

At other plants, the coke is partially quenched in the car 
and run on to inclined platforms or pockets, where it is 
again hand-quenched before sliding it into elevators or belts, 
which convey it to the screening station. 

To hold coke on quenching cars is expensive as it means 
an extra supply of these rather costly cars and is hardly 
practicable for a large plant. The system installed at 
Joliet, on the whole, has worked out very well; but the 
system adopted at Farrell, of pockets with inclined sides 
from which the coke is dropped on a belt, seems to me to 
be very efficient and very simple. As these pockets can be 
made long enough and their inclined sides wide enough to 
hold a number of charges of coke, it gives the coke sufficient 
time to be properly quenched and steamed off. 

At Duluth, a different system will be tried out—having 
the quenching platform away from the end of the ovens, 
so that the coke can be quenched preliminarily in the car, 
then dropped on this platform away from the ovens and the 
quenching process finished there. 

At one plant, the coke is partially quenched on the car, 
then raised to a wide inclined screen upon which it rests 
sufficiently long to steam off and be hand-quenched with a 
small hose before it is dropped over the screen into the rail- 
road car. This is as yet experimental, but looks very 
promising. 

Where the coke has to be completely quenched directly 
on the car and the car supply is inadequate, the coke has 
to be practically drowned or saturated with moisture. 
This not only fills the pores of the coke, but, in my opinion, 
also tends to crack it into small pieces and is very detri- 
mental. The resultant coke will always be very high in 
moisture. 

Methods in operation in Europe of quenching the coke 
in ladles or pans by practically steaming it, while undoubt- 
edly capable of producing good results, are, in my opinion, 
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hardly applicable to operating conditions in this coe 
unless materially modified. 

The coke after being quencned is ee raised to the 
screens, either by means of large hoists or belt-conveyors. 
We have had some very good results by using a belt con- 
veyor. If proper precautions are taken in the quenching 
of the coke, a belt will last a long time. The belt method 
of elevation permits of a more even distribution of the coke 
on to the screen than when the whole mass is precipitated 
out of the large bucket. Of course, a plant has to be laid 
out for this purpose. 

The proper screening of the coke I consider an absolute 
necessity, whether this be done on an inclined plate screen 
or in a rotary screen, and good screening can only be accom- 
plished by the coke being fed gradually on to the inclined 
screen, or if a rotary screen is used, by having it long enough 
to distribute the mass of coke as it falls into it. Too long 
a rotary screen is apt to grind the coke at its lower end more 
than is perhaps necessary, while too short a rotary screen 
will not permit of the mass of coke, even when coming from 
a belt, to separate properly, unless the belt feed is made 
slow enough to prevent any large accumulation of coke on 
the screen. 

At some plants, the coke is not screened at all at the 
coke plant, but is carried direct to the blast furnace coke 
bins and screened as it drops out of the bins. As a rule, 
this has not been satisfactory because the mass of coke in 
the bins is too large and the passage over the screens too 
swift to permit the fine particles to drop through the screens. 
It may be that sufficient screening can be arranged in this 
way, but that is to my mind subject to demonstration. 
A good deal of the success in screening also depends on the 
dryness of the coke as the fine particles of dust will cling to 
a wet coke very persistently and cannot be shaken off. 

There is still some difference of opinion among blast 
furnacemen as to the detrimental effect of coke breeze. 
To my mind there is no question but that the more free from 
breeze the coke goes into the blast furnace, especially under 
our present furnace operating conditions with high per- 
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centages of Mesabi ores, the better the results obtained 
will be. At one plant an experiment was made using un- 
screened coke in the blast furnaces, which resulted in a 
material increase of the blast pressure, the furnaces refused 
to drive and the eoke consumption was increased. Of 
course, in considering the thoroughness of screening, it is 
necessary to also consider what can be done with the coke 
breeze and coke dust, where it can be utilized and what its 
market value will be. At most of our plants, the coke dust 
is used in making bottoms in soaking pits and other similar 
places, and in some districts the coke breeze commands a 
fair market as domestic coke. The experience that we have 
had with a special grate system has been very satisfactory 
for the burning of coke dust up to 14 inch in size. 

The screened coke, varying with the handling it receives, 
is apt to be somewhat irregular in size and experiments are 
now being made to determine whether it would be advis- 
able to crush the oversize coke, say over 4 inches, to prac- 
tically 4 inch coke and less, and thus obtain better results 
in the blast furnace. There is a large variance of opinion 
on this subject. Many of the furnacemen, accustomed to 
the use of bee-hive coke in rather large pieces, find it hard 
to accommodate themselves to the idea that furnace coke 
should be small, but the physical structure of bee-hive 
coke and by-product coke is so different that the experience 
of those who have so far studied this matter closely, in- 
clines one very strongly to the advisability of a uniform, 
fairly small coke with our present furnace burden mixture. 
By-product coke is denser in cellular structure than the 
average bee-hive coke, and, burning more slowly, the 
exposure of a large number of surfaces accelerates com- 
bustion in the hearth. Besides, it seems that with the large 
amount of fine ore now used a more even distribution of 
the fuel in the burden, as it descends in the blast furnace, 
must be of advantage. If it is finally determined that a 
smaller and more uniform size of coke is advisable, it is not 
a difficult matter to arrange for the oversize coke to be 
screened out in the first screening, crushed and rescreened 
before delivery to the blast furnace bins. 
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Buast Furnace Coxe Bins. I wish to add a word as 
to the coke bins at the blast furnaces. The ideal blast 
furnace coke bin is one which has no angles flatter than the 
angle of natural repose of coke and coke dust, and which, 
therefore, allows no dead material to accumulate and lay 
inert on the bottom and in corners of pockets. In other 
words, the bin should be so constructed that all of the coke 
moves downward toward the chutes, every time the coke 
is drawn, so that if any coke dust is present, a regular pro- 
portion of it will be contained in every skip of coke drawn. 
A coke chute located directly over the skip is, of course, 
preferable to a row of pockets, in that it saves the labor of 
hauling coke in the larry cars from the bins to the skip. 


VARIOUS TYPES OF BY-PRODUCT COKE OVENS. 


Referring to the many types of retort coke ovens that are 
in the market, it will probably be of interest if I add some 
illustrations of these coke oven systems that are of partic- 
ular interest at this time, together with a short description 
of each system. 


SEMET-SOLVAY RECUPERATIVE RETORT COKE OVEN. 


This oven, until very recently, has been entirely non- 
regenerative but recuperative, and heating is performed 
in horizontal flues instead of in vertical flues. The most 
modern plant in this country is of the six-flue type, which 
is the result of gradual evolution from the original three- 
flue oven. . 

Gas for combustion is supplied to each horizontal flue 
from a burner pipe entering at the end of the flue. 

The air for combustion of the gas is drawn by stack 
draught through the recuperators into risers at the ends of 
the oven, whence it passes through an opening at the end of 
the flue, into the horizontal heating flues, the amount of 
air being regulated by a sliding brick for each flue. 

Combustion starts in the top flue and the products of 
combustion traverse each horizontal flue, the necessary 
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the flues gradually increase in size until the bottom 
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amount of heat to maintain a uniform temperature being 
the products of combust 


horizontal flue as required, by the method above described. 
In order to allow for the greater volume of products of com- 
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The products of combustion pass out into the recuper- 
ators, partly from the bottom flue and partly from a sole 
flue located beneath the oven, the amount to pass through 
each of these being regulated by a sliding brick. 

A feature which adds to the strength of the Semet-Solvay 
oven is an 18-inch division wall between the ovens. This 
allows the operation of an adjoining oven, while ah oven 
is being repaired. 

The earlier type of Semet-Solvay ovens had no taper, 
while in the latter types sufficient taper to meet the require- 
ments of the coal used is employed. This taper is accom- 
plished by tapering the central division wall. 


SeMET-SoLtvay REGENERATIVE Retort CoKkE OVEN. 


One of the more recent developments of the Semet- 
Solvay type is the regenerative ovens. The design has been 
worked out so that the construction is very simple. A 
pair of regenerators are located beneath each oven, with 
the chimney flues between them. ‘The reversal’ of the gases 
takes place throughout the entire system of regenerators 
and horizontal flues, so that during one period of reversal 
the gases flow upward through the flues, and during the 
other period downward. The gas is supplied continuously, 
and is reversed automatically by the gas currents without 
any attention by the operator. 

As compared with the older recuperative oven of the 
Solvay type, the regenerative oven is especially adapted 
to coking conditions requiring the highest temperatures 
and to installations where the maximum amount of surplus 
gas is desired and the utilization of the waste heat for steam 
raising is of comparatively minor importance. ' Even in this 
type of oven it may sometimes be economical to introduce 
waste heat boilers between the regenerators and the chimney 
because the air has capacity for taking up only a portion 
of the heat delivered by the products of combustion. The 
selection of the recuperative or the regenerative type of 
oven has in each case to be determined by the commercial 
and operative conditions existing at the plant in question. 
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Kopprers Rerort Coke OVEN. 


In this type, heating is performed on each half of the 
oven alternately, reversal being made.each half hour. One 
system of heating is followed in the Koppers type, as follows: 
Air for combustion is delivered from the regenerators into 
each vertical flue through individual openings in the roof 
of the regenerator chamber. 

Gas for combustion is introduced from the gas main 
into a fire-brick gas duct, located below the vertical flues, 
and provided with an individual opening to each vertical 
flue. The gas enters the vertical flue through a fire-clay 
nozzle placed in the gas duct opening, the size of the nozzle 
opening depending on its location in the oven. 

The air meets the gas in the vertical flue at a point 
about 10 inches above the gas nozzle, combustion occurs 
and the preducts of combustion enter a horizontal flue and 
are drawn down through the vertical flues on the other half 
of the oven into the regenerators and thence to the stack. 

Individual regulation of the draught is accomplished by 
means of a sliding brick in each vertical flue, which controls 
the size of the opening into the horizontal flue. This is 
to overcome the tendency of the gases to take the shortest 
route to the chimney, which would result in the center 
flues taking away the bulk of the hot gases and, therefore, 
causing unequal heat. 

Access to this sliding brick is afforded by an opening 
to each vertical flue from the top of the oven, this opening 
normally being closed by a plug. This inspection hole also 
allows access to the nozzle in case it is desired to change 
same. 

Regulation by means of a sliding valve is provided for 
the air supply for each individual oven, and the sliding 
brick before referred to provides individual regulation of 
the air supply to each vertical flue during the period of 
combustion. 

Regenerators in the later Koppers installations are 
individual for each oven. 
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Retort Coke OVENS oF THE Orro System. 


In two of the four types of Otto ovens described below, 
heating is performed on each half of the oven alternately ; 
the products of combustion pass down the vertical flues of 


the other half of the oven. In the other two types of Otto. 


ovens the oven is divided into four sections. The products 
of combustion formed in simultaneously heating, for instance, 
the first and third sections pass down the vertical flues of 
the second and fourth section respectively. In each case, 
reversal is made each half hour. 


The air for combustion is delivered from the regenerators 
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into an air chamber running beneath the sole of the oven. 
From ‘here the air passes through openings in the wall into 
a combustion chamber which is located below the vertical 
flues. Here the air meets the gas introduced from the main 
and combustion takes place. The burning gases travel 
through the vertical flues, where combustion is completed, 
and the products of combustion travel down the other 
vertical flues, through the air chamber into the regener- 
ators and thence to the stack. 

Regulation of the amount of air and draught is accom- 
plished by an accessible sliding brick by means of which the 
size of the opening from the regenerator to the air chamber 
can be controlled. 

In attempting to arrive at uniform heating conditions, 
several methods have been devised by the Otto people of 
delivering the gas into the combustion chamber in such a 
manner as to produce economical and uniform combustion. 

There are three different methods now being followed 
in Europe, and experiments are being carried on to deter- 
mine which is the best. In America, another method is 
followed. ‘These four systems of heating are as follows: 

1. Three tier gas burner plan. In this system, the gas 
is introduced from the main into the combustion chamber 
_ by three gas pipes, located in a tier at each end of the 
combustion chamber. There are usually 32 vertical flues 
per oven, .16 in each half. One burner supplies gas for the 
first four of these vertical flues, the second supplies gas for 
the second six, and the third burner supplies gas for the 
rest of the vertical flues in this half of the oven. The 
combustion chamber is arranged in three sections, each 
communicating with its own burner. | 

2. One gas burner for each two vertical flues. In this 
method the gas is introduced into the combustion chamber 
in a 32 flue oven, from 16 burner pipes entering the com- 
bustion chamber from below the ovens. In this-way, one 
gas entry is provided for each two flues. 

The heating operation. is conducted as: follows: Sup- 
posing the gas burners are numbered from 1 to 16. During 
one-half hour, gas enters the combustion chamber from 
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burners 1 to 4 and 9 to 12, and the products of combustion 
travel through the vertical flues supplied from burners 5 to 8 
and 13 to 16 respectively. The next half hour this process 
is reversed, and so on. 

In this method the travel of the off-heat gases appears 
to be under better control than in the former method of 
heating, on account of not having to travel so far. In other 
words, the off-heat is withdrawn from each quarter of the 
oven instead of from each half. 

3. One gas burner for each vertical flue. This is the 
latest method and has not been exhaustively tried out as 
yet. Theoretically the results ought to be better than the 
other methods described. 

The products of combustion are withdrawn similarly to 
the scheme described under head of ‘“‘One gas burner for 
each two vertical flues.”’ 

4. American system of end-burner and under-burners. 
After using various methods of heating, none of them, so 
far as known, following any exact German methods but 
always comprising some modification, the American repre- 
sentatives of the Otto type of ovens have practically settled 
on a system of heating, employing one end-burner and two 
auxiliary or under-burners for each half of the oven. That 
is, the gas enters the combustion chamber through a burner 
located at the end of the oven wall, and any further gas sup- 
ply which may, in the judgment of the heater, be required, 
is furnished by the two under-burners, which deliver gas 
into the combustion chamber from the alley ways below 

An essential point of difference in the American system 
is the fact that only one downtake for products of combustion 
to the regenerators for each three ovens is provided, and vice 
versa one airintake. In Germany, special stress is laid on the 
necessity of having an individual downtake for each oven. 

The Otto system of regenerators are of the long type, 
two being provided, running the entire length of the battery. 

The sketch on page 153 shows the heating system using 
one gas burner for each two vertical flues. This method 
probably gives the best results. Other methods can be 
followed from this sketch. oe 
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Cotuin Retort Coke OVEN. 


In the latest type of Collin oven, no reversal from one- 
half of the oven to the other half occurs, gas for combustion 
being alternately introduced from the bottom and from the 
top of the vertical flues, instead of from alternate halves 
of the oven. 

During the first half-hour period, the gas for combustion 
comes in contact with the regenerated air for combustion, 
on entering the bottom of each main vertical flue (of which 
there are 28 per oven). ‘After burning upwards, the products 
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of combustion descend through a second set of 28 flues 
immediately adjoining and enter into a sole flue. 

During the second half-hour period, the gas for com- 
bustion enters the top of each of the 28 main vertical flues 
and comes in contact with the regenerated air, which issues 
from the top of the 28 smaller flues, through which the 
products of combustion flowed during the first half hour 
period. Combustion occurs downward through the main 
vertical flues, the products passing into the sole flue. . 

The products of combustion pass from the sole flue into 
a series of rectangular brick passages located beneath the 
entire battery of ovens, and running at right angles to the 
oven chambers. This series is divided into two sections, 
one of which receives the products of combustion for each 
-half-hour’s heating. These two sets of fire brick passages 
lead into two regenerators located between the ovens and 
' the draught stack. 

The gas for combustion is introduced by the tier system 
ot end burners, there being four for each end at the bottom 
of the oven, in the latest systems, and two for each end at 
the top of the oven. 

One of the four bottom burners is reserved for the end 
or outside flue alone, and the others each supply the gas 
requirements of four to five vertical flues. 


Coprpre Retort Coke OVEN. 


In the latest type of Coppée regenerative ovens, the 
side wall is composed of 30 vertical flues, divided into five 
groups of six flues, each group forming one combustion 
chamber. : . 

Under each side wall of the oven are four gas distributing 
flues, two at the front end of the oven and two at the back, 
and gas for combustion is supplied through these alternately 
each half hour; that is, one at the front and one at the back 
are on gas one-half hour, and the other one at the front 
and back are on gas the next half hour, and so on. 

Supposing the vertical flues are numbered from 1 to . 
30, the first group would comprise flues 1 to 6. During 
one-half hour gas for combustion would be delivered from 
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one front duct to flues 1 to 3, combustion would there occur 
and the products of combustion pass through flues 4,5 and 
6. Simultaneously gas would be delivered to flues 7, 8 
- and 9; 13, 14 and 15; 19, 20 and 21, ete. 

During the next half hour, gas would be delivered from 
the other front duct to flues 4, 5 and 6, and the products 
of combustion pass through flues 1, 2 and 3. Simultaneously 
gas would be delivered to flues 10, 11 and 12; 16, 17 and 18, 
etc. 

Products of combustion pass into a sole flue, thence into 
a collecting main running the length of the battery, and 
thence into the regenerators en route to the draught stack. 

There are two regenerators running the entire length 
of battery, and while one is preheating the air for combustion 
in one period, the other is being heated by the products 
of combustion. 

The regenerated air for combustion traverses the system 
in the opposite direction to the travel of the products of 
combustion, finally passing from the sole flue through 
oblique openings into the base of the vertical flues where 
it comes in contact with the gas and combustion occurs. 


Stitt Retort Coke Oven. 


This is a vertical flue oven and is built in two types, 
viz., off-heat type, with or without by-product recovery, 
and regenerative type with by-product recovery. 

The regenerators are common to all the ovens in a bat- 
tery and extend the length of the battery on each side. 
The Still Company state that separate regenerators can be 
used. 

The vertical flues are not accessible from the top. The 
‘Still Company state that top inspection can be arranged for. 

The gas for heating passes from the main into a gas duct 
beneath the oven, and this gas duct tapers from each end 
of the oven to the center. The gas passes from this duct 
through a double nozzle into the vertical flues. 

The diameter of the opening in the lower gas nozzle is 
about half the diameter of the opening in the upper nozzle, 
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and there is a vertical space of about 4 inches between the 
nozzles. 

It would be impossible to change a nozzle without tear- 
ing out part of the oven wall, but it is stated that it is not 
necessary to change a nozzle.for any cause. 

The air for combustion passes from a duct underneath 
the oven tapering similarly to the gas duct, through ports 
into the vertical flue; it is delivered into the vertical flue at 
two points, one located at about the level of the gas entry, 
and the other, by means of a slotted brick, at a point about 
15 inches above the other entry. The idea of this is to 
prevent complete combustion low down in the flue, thus 
preventing an excessive heat at the bottom of the oven. 


OTHER Typres oF CoKE OVENS. 


There are other systems which we have been or are 
studying, most of which are not in extensive operation as yet, 
and I will, therefore, not take up your time to describe 
them in this paper. 

Up to the present time, fall retort coke ovens ae been 
of the horizontal type, but the late Dr. F. Schniewind, 
whose loss is keenly felt by all interested in coke manufac- 
ture because of his long connection with and his intimate 
knowledge of all matters pertaining thereto, advised me a 
short time before his death that he was trying to develop 
a vertical coke oven, believing that it would have many 
advantages over the horizontal type of oven now in exist- 
ence. Considerable experimenting in this direction has 
been done abroad. 


TABULATION OF By-PropucT CokE OvEN PLANTS IN THE 
UniTep STATES AND CANADA. 


Following is a table showing the location and number 
of ovens installed in this country and Canada by the three 
principal coke oven builders, namely, the Semet-Solvay, 
Koppers and Otto-Hoffman. This list is not indicative of 
the capacities of the plants, some being old and the ovens 
of smaller capacity than the latest installations: 
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KopPrers : Orto-HoFFrMaN 


Smmpt-SoLvay t 
o. of o. of F 0. 0 
Location Ovens Location Ovens Location Ovens 
RIND Virerd crete 40 Toliot, Mere cree lent! 280 Johnstown, Pa..... eereohe 
eed a ace ort 110 Gary ;lnd acne 560 Glassport, Pate.e- acter 120 
Ensley, Alas acneeae 40 240 Corey, Ala.. Apne ts! Everett, Mass.......... 400 
Benwood, W. Va....... 120 Woodward, UNE ate 60 Sydney, OND eaeaserue 520 
Detroit, Miiohte tee oe 175 DOME t MULL were Neredeietrts 35 Hamizton, Ohio........ 100 
Chester, Pa e esa esihene 40 Sault Ste. Marie, Ont. 110 Lebanon, Paonia 232 
Tuscaloosa, Ala........ 60 Buffalo, NO Yin cheeses 188 
Milwaukee, Wis........ 160 Total in operation. 1,325 Camden, N. J....-... a» 150 
Bebanon, Pa. .... cn. 90 Sparrows Point, Md..... 200 
Geneva, N..Y.....005.. 46 In Construction Wyandotte, Mich Eas ee 30 
Cleveland, Ohio........ 100 Duluth, Minn........ 92 Farrell; Pas. sc siis asses 212 
South Chicago, Ill...... 280 Woodward, TAS ctecatese 80 Indianapolis. Indie cks ee 100. 
Steel tom eatecresost. 120 Sparrows Point, Md.. 6 Duluth, Minns~.(22 =)..2: 50 
Waukegan, Ill.......... 138 Indiana Harbor, rub 66 
Ashland) IN¥iavedes ca » 54 Youngstown, Ohio.. 68 
Indianapolis, Ind....... 41 St. Louis, Mo........ 56 
Totalin construction. 368 
Grand Total......... 1,689 Grand Total...... 1,693 Grand Total........ 2,674 


BY-PRODUCT RECOVERY OPERATION AND AP- 
PARATUS. 


GENERAL. 


I have so far discussed only the retort oven itself and 
the process of coking. I would now like to call your atten- 
tion to the various. methods in use for the recovery of the 
by-products from the gases evolved in the coking process; 
namely—gas, ammonia, sulphate of ammonia, and tar as 
well as benzol. This again is a very broad subject, and I 
will try to confine myself as closely as possible to the points 
of main interest. 

Briefly, the gas as it leaves the ovens through the foul 
gas main, located above the ovens, is taken over to the 
by-product plant in large mains and ordinarily is there 
cooled, the tar extracted, naphthalene thrown down as far 
as possible, the ammonia is scrubbed out of the gas by 
passing it through water towers or other apparatus, weak 
ammonia liquor is distilled, the ammonia passed into lead- 
lined saturators containing sulphuric acid and sulphate of 
ammonia is formed, or the distilled ammonia is placed in 
tanks and shipped as strong ammonia liquor. This is an 
outline of the old Indirect Process. 

In the Direct recovery process the scrubbing of ammonia 
from the gases is avoided by passing the gases through the 
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saturator after the tar separation has been accomplished. 
In some of the so-called Direct processes the tar is separated 
by cooling the gases and in this case a certain proportion of 
the ammonia is precipitated with the tar and must be dis- 
tilled. In some of the Direct processes the tar is separated 
without precipitation of the ammonia salts. These latter 
processes are, therefore, more preferably called Direct than 
the processes where some of the ammonia is precipitated, 
which should more properly be called Semi-Direct. 

There is also another process in which the sulphur con- 
tained in the gases is utilized, generally referred to as the 
*“Thio-Sulphate Process,” of which I will give you later a 
brief but more detailed description. 

We have, therefore, at present really four processes that 
are largely used all over the world for recovering by-prod- 
ucts; namely: the Indirect, the Semi-Direct, the Direct and 
the Thio-Sulphate. 

The effect of the coking time upon the recovery of by- 
products, particularly ammonia, is a subject that has not 
been fully worked out. Apparently the longer coking time 
increases the percentage of recovery of ammonia and the 
losses in ammonia become greater as we decrease the coking 
time up to a certain point. I doubt whether this point can 
at the present time be definitely settled upon, because there 
are other reasons for ammonia losses than the coking time 
itself. We have generally felt that with a short coking 
time we do not get as much of the total available ammonia 
as at plants having a longer coking time. 

I understand that in Germany they recover up to 95 
per cent. of the total ammonia available in the coal, and on 
this subject I should be glad to hear the experience of some 
of our friends in the by-product business in this country 
and in Europe. A factor that assists the Germans is that 
their coal is almost invariably washed and, therefore, con- 
tains a certain amount of moisture, which is effective in 
obtaining a larger percentage of the available ammonia. 

So far as our experience has gone, we seem to have no 
material difference in our recovery percentage when running 
between 1614 and 20 hour coking time. We have prac- 
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tically no experience over any period of time on 24 hour 
coking time, excepting at Farrell, but there the conditions 
are to my mind not of such a nature as to be quite 
comparable to our conditions at the other plants. This 
subject is undergoing careful study at all our plants. 

The same applies more or less to the question of whether 
a hot top of the oven is more likely to increase the loss of 
recoverable ammonia than a cooler top. The general 
impression so far has been that the cooler top is the better 
in this respect. Points like these have to be carefully 
balanced, because from them arises the question of what 
is more economical to produce, a good blast furnace coke 
or a larger by-product recovery. The object of the Steel 
Corporation has always been, and I think rightly so, to make 
a good furnace coke and then to recover as much of the by- 
products as is consistent with this. The money loss through 
inferior coke and its detrimental effect on blast furnace 
practice soon offsets any slight gain through increased 
ammonia yield at the coke oven. 

I believe you will be interested at this time in a few 
illustrations and a. short description of the different by- 
product apparatus: for extracting the tar, ammonia and 
benzol from the gas, which latter is then returned to the 
ovens for heating or carried off as surplus gas to the steel 
plant or other places where it is to be used. 


Tue INpIREcT Process ror Recovery oF AMMONIA. 


In the Indirect Process, the gas coming from the ovens 
is air- and water-cooled to allow the deposition of tar and 
combined ammonia liquor, and is then passed through scrub- 
bers where the free ammonia contained in the gas is washed 
out by means of water: This weak ammonia water, to- 
gether with the ammonia liquor separated from the tar, is 
then treated with steam and milk of lime in a still, and the 
ammonia vapors either passed into an acid saturator or else 
condensed into a strong ammonia liquor, depending on 
whether it is desired to produce sulphate or liquor. 


163 


PRODUCT COKE OVEN—MEISSNER 


THE MODERN BY- 


LA 
HN 
aa ey Hy 


APO} Of SPL 


SSAIOYA JILVHATING WIINONWKY LOIFHOGNI FHL 


; 
S 
s 
< 


164 AMERICAN IRON AND STEEL INSTITUTE, MAY MEETING 


Koprrers Semi-DirEcT SULPHATE PROCESS. 


In this process the gas leaving the ovens is first air- and 
water-cooled to a temperature of 104° F. This throws down 
most of the tar, the water vapor, the combined ammonia 
and some free ammonia. The ammonia liquor is separated 
from the tar and treated in stills with steam and milk of 
lime in the usual way, the ammonia vapors being either 


converted into ammonia liquor or else returned to the sys-— 


tem for conversion into sulphate, by entering the gas main 
at a point prior to the water coolers and traveling with the 
gas to the saturator. 

The gas, after leaving the water coolers freed from most 
of the tar, passes through an exhauster to P. & A. tar ex- 
tractors, where the remainder of the tar is removed. Thence 
the gas is returned to a heater where the temperature of the 
gas is raised to about 176° F., the. heating medium being 
exhaust steam or the uncooled gas from the ovens, usually 
the former in the later plants. 

The heated gas then passes into the saturator, where 
the ammonia in the gas is neutralized by the sulphuric acid 
with the formation of ammonium sulphate. Leaving the 
saturator at a temperature of about 120° F., the gas passes 
without further cooling to the gas holder for return to the 
ovens and its other uses. 


Otrto Direct SULPHATE PROCESS. 


In the Otto Direct Sulphate Process, the gas from the 
ovens is air-cooled to a temperature of about 200° F. and 
is then further cooled to a temperature a little above the 
dew point of steam, about 160° F., by means of a tar spray. 

The object of cooling to about the dew point is in order 
to prevent the deposition of ammonia liquor, which would 
- occur if cooled to a lower temperature, and thus necessitate 
the use of stills as in the other processes. By keeping the 
temperature a little above the dew point, this ammonia re- 
mains as vapor in the gas. Experience has shown, however, 
that some ammonia is invariably thrown down with the tar. 

The spraying with tar is performed by Korting injectors 
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in a two-compartment tar tank in series, so the gas is twice 
sprayed. The temperature of the spraying tar is kept at 
the right degree by means of water-cooling pipes in the tank. 

The surplus tar washed out of the gas overflows into a 
regular separating tank, where the ammonia liquor which 
has come down with the tar is removed. The amount of 
this liquor is small. 

The tar-washed gas then passes through a stationary 
bell similar in function to a P. & A. tar extractor, where the 
last of the tar is supposed to be removed, but on account of 
the high temperature of the gas some tar continues to re- 
main therein. 

The gas then passes through a covered gas main to the 
saturators where neutralization of the ammonia occurs with 
the formation of ammonium sulphate, which is ejected and 
dried in the usual way. 

On account of imperfect separation of the tar from the 
gases, some tar is always deposited in the saturators; there- 
fore, it is equipped with a lead dam and siphon to allow the 
top portion of the mother liquor to be withdrawn into an 
open top tank in which the tar is skimmed off and the 
mother liquor returned to the saturator. 

On account of the gas entering the saturator being fairly 
well saturated with water vapor, which, if deposited here 
would weaken the acid bath and prevent proper absorption 
of the ammonia, the saturators are equipped with steam 
coils made of lead, and the bath is kept heated by means of 
steam to a temperature high enough to insure the retention 
of the water vapor in the gas. 

The ammonia liquor separated from the tar is heated by 
steam coils in a small tank, and is then introduced direct 
into the saturator. 

After leaving the saturators, the gas enters a tank con- 
taining brick baffles to allow separation of the acid, and 
thence to horizontal tubular water coolers, where the gas 1s 
cooled to separate the water and as much naphthalene as 
possible. At some places e further naphthalene extractor 


is being installed. 
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After leaving here, the gas is drawn through an exhauster 
and pumped to the gas holder, ovens, etc. 

Temperatures taken at a representative plant at the 
various stages of the operation were as follows: 


Entering Korting injectors............. 200° F. 
Witter Sprayme with bar yore. ee 162° FE: 
Piterie Saran wot al et st 160° F. 
We AGATE LOP ser oc seks Foe ol oh, wes 185° F. 
Entering water coolers....0..........-4. 1715 E 
TPAvin@ water COO erst... bs te we ee ee 102° F. 


Coiuin Semi-Direct SULPHATE PROCESS. 


In this process, the gas from the ovens passes through 
the usual horizontal tubular water coolers where most of 
the tar and combined ammonia are separated, then through 
a P. & A. tar extractor where the remainder of the tar is 
separated. The cleaned gas then passes through another 
set of water coolers exactly similar to the first set, and then 
through the exhausters to the saturator. 

Two saturators in series are used in this process, set at 
different levels in the building. 

_ The cleaned gas enters the upper saturator, the bath of 

which is kept at about 25 per cent. free acid, and the liquor 
from this bath is used as the saturating medium in the 
second or lower saturator, into which pass the ammonia 
vapors from the stills which are used in this similarly as in 
the Koppers process. 4 

One advantage claimed for this system of treating the 
ammonia in two saturators, one for the direct gas and the 
other for the still vapors is that the “stink” gases (HS, CN, 
etc.) from the latter are at once eliminated from the system, 
escaping from the second saturator into the air and thus 
never coming into contact with the gas. 

The temperatures at one plant where this process is in 
operation, were as follows: 


Gas entering first set of water coolers:.... 212° F. 
Gas entering P. & A. tar extractor...... Lose 
Gas leaving second set of water coolers... 73° F. 
Gas entering saturator........----+++-- Tioeks 


Gas leaving saturator......----+++-++> LOO TSE 
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COLLIN DIREGT AMMONIUM SULPHATE PROCESS. 
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Experiments for a modification of this process are being 
conducted ‘along the following lines: The gas from the 
ovens will be treated in one set of horizontal coolers, P. & A. 
tar extractors, and another set of horizontal coolers as above 
described. 

In the first set of coolers, however, the ammonia liquor 
will be used for cooling instead of water. The ammonia 
liquor will thus become heated to a temperature of about 
194° F. in its action of cooling the hot gases from the ovens. 

This preheated liquor, and any vapor which may be 
evolved, will be run to a superheater and brought to a tem- 
perature of about 300° F., which is considered sufficient to 
decompose the compounds of ammonia (chloride, carbonate, 
etc.). 

The ammonia vapor evolved passes from here directly 
into the saturator. The superheater will be heated either 
by combustion of surplus gas from the ovens, or by utilizing 
the waste heat from the chimney flues. 
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FELD Drrect SULPHATE PROCESS. 


In this process, the sulphur in the coke oven gases is 
utilized to produce most of the Sulphuric Acid required for 
the neutralization of the ammonia in these gases. After 
leaving the ovens, the gases pass through the usual coolers, 
exhausters and tar extractors, and are then washed with 
a solution of Ammonium Polythionate, which absorbs the 
ammonia from the gases, forming Ammonium Thiosulphate 
and precipitating sulphur according to this reaction: 


(NH,), 8,0, + 2 NH, + H.S = 2(NH,), 8.0, + 5. 


This mixed solution and precipitate is treated in a tank 
provided with mechanical stirrers with Sulphur Dioxide 
formed by burning in a suitable oven, some of the sulphur 
previously precipitated; the Thiosulphate is thereby re- 
generated to Ammonium Polythionate, according to the 
following reaction; the precipitated sulphur is removed: 


2 (NH,), 8.0, + 8 SO, + 8 = 2 (NH.), 8,0, + 5. 


When the oxidation is complete, the solution of poly- 
thionate is heated with exhaust steam or otherwise to a 
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temperature of 60° C. to 70° C. until all the ammonium 
polythionate is decomposed into ammonium sulphate, 
sulphur dioxide: and sulphur. The sulphur dioxide is used 


FELD DIRECT SULPHATE PLANT 
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for further regeneration, the sulphur is filtered off, and the 


solution of ammonium sulphate is evaporated until the salt > 
crystallizes out: 4 
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RECOVERY OF BENZOL. 


Benzol is defined as a colorless, inflammable, liquid 
compound having the chemical formula C,H.. 

Benzol is recovered from coke oven gases by scrubbing 
them with light oil, in washers of various types, after the 
ammonia has been separated from the gases; that is, after 
the gases leave the ammonia scrubbers in the Indirect 
Process, or after the gases issue from the saturator in the 
Direct Process. Some benzol is always precipitated with 
the tar. 

The oil used for scrubbing is usually in this country a 
light oil of specific gravity about 0.8; it should be neither 
too thin, in which case long enough contact with the gas 
is not obtained, nor too thick, in which case there is a 
tendency to solidify. 

After scrubbing, the mixture of washing-oil and benzol 
is conveyed to a still, where the benzol is driven off, with 
steam as the heating medium. The benzol so obtained is 
designated as “‘crude”’ benzol and contains about 50 per 
cent. benzol. This is either shipped as such, or is purified 
by further distillation to various grades of benzol or frac- 
tionally distilled with separation of toluol and xylol when 
required. 

The oil used for scrubbing is used over and over again 
until it gradually becomes too thick by accumulation of 
naphthalene and tar. 

The yield of Benzol depends largely on the volatile 
contents of the coal; usually the higher the volatile matter 
the higher is the yield of benzol. 


USES OF BY-PRODUCTS. 


Tar. This is used largely for two purposes, namely, 
distillation for production of creosote and light oils and 
pitch, and for use in road making. Both of these uses of 
tar have increased very greatly in the last few years and the 
tendency for still further increase indicates a very large 
proportion of the future production will be similarly used. 
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Tar is further being used successfully in Open Hearth 
furnaces, replacing producer gas; also in heavy oil engines, 
providing it does not contain too much free carbon. It has 
also been burnt with success under boilers through specially 
devised burners. 


AMMONIA AND AMMoNIUM SULPHATE. The ammonia, 
in the form of concentrated ammonia liquor, is used in 
making anhydrous and aqua ammonia for refrigeration, and 
other purposes, in the production of soda ash, explosives, 
and in other lines of chemical manufacture. Sulphate of 
ammonia is very largely used as a fertilizer, although in 
some cases it is converted to ammonium hydrate for use in 
chemical manufacture. When used as a fertilizer, it is 
usually mixed in definite proportions with other fertilizer 
ingredients, such as acid phosphate, potash, ete., according 
to the conditions. 


Coxe Dust anp Coxe Brezze. The coke dust is used 
to advantage in the steel mills in soaking pits, ete. Coke 
dust up to 14 inch in size can also very profitably be burnt 
in specially designed grates under boilers. The coke 
breeze is sold for domestic purposes, having been screened 
and sometimes sized. In locations where coal is cheap the 
disposal of the coke breeze may at times be somewhat 
troublesome. 


Surptus Gas. The surplus gas obtained from the coke 
ovens, which has a value of 400 to 650 British Thermal 
Units per cubic foot, depending on the coal used, is one of 
the most valuable by-products. It can be used for all sorts 
of heating purposes at the steel plant and its value in replac- 
ing coal for all purposes at one of our steel plants is equiv- 
alent to approximately one-half million net tons of coal 
per year, based on 40,500 cubic feet of surplus gas being 
equivalent to one net ton of coal at that point. This 
surplus gas is also used for illuminating purposes and can 
be piped long distances for this purpose. In Europe, it 
is used quite extensively in gas engines. Experiments have 
also been made using it in the open hearth furnaces alone 
or mixed with blast furnace gas, the latter method having 
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been largely adopted in certain parts of Europe and I believe 
ultimately in this country will receive due consideration. 

Brnzou. The principal uses of benzol and its prod- 
ucts are: 


(1) As a motor fuel. 

(2) To enrich the illuminating power of gas. 

(83) In manufacture of aniline dyes. 

(4) As a solvent for rubber and similar substances. 
(5) In manufacture of gunpowder. 


Production of benzol in Europe has increased enormously 
in recent years due to its increasing consumption as a motor 
fuel in place of gasoline. At the same time, the price has 
steadily increased, more than keeping pace with the in- 
creased production. 


DIAGRAMMATIC SKETCH SHOWING COURSE OF 
MATERIALS USED AND PRODUCED IN A 
MODERN BY-PRODUCT COKE 
OVEN PLANT. 


The diagrammatic sketch given on page 116 shows the 
flow of the gases, the extraction of the various by-products 
from the same in their proper sequence and the ultimate 
disposition of the gas and products extracted. 


CONCLUSION. 


In conclusion, permit me to express my firm conviction 
that, when located at points suitable to its requirements, 
the by-product coke oven is the most satisfactory and eco- 
nomical system yet known for the manufacture of metal- 
lurgical coke. 

It also furnishes a desirable method for the production 
of illuminating gas and domestic coke and we are able to 
utilize practically all the valuable constituents of coal. 
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As a great conserver of the national resources of the 
country’s fuel, it should receive the closest study. Take 
the Gary, Ind., by-product coke oven plant as a concrete 
example: In the last.six months of 1912 we actually pro- 
duced coke at the rate of 2,900,000 tons per year on a mix- 
ture of 76.4 per cent. Pocahontas and 23.6 per cent. high 
volatile coals. The conservation of coal through producing 
this amount of coke in by-product ovens instead of bee-hive 
ovens amounts to about 1,190,000 tons per year. Further- 
more, the actual utilization of the surplus gas for various 
heating purposes at this plant, for the same period, is equiv- 
alent to an annual saving by replacement of practically 
500,000 tons of coal. In other words, in the annual production 
ot 2,900,000 tons of coke at the Gary, Ind., by-product coke 
oven plant, a saving of practically 1,700,000 tons of coal, based 
on above mixture of low and high volatile coals, has been 
accomplished, which means the conservation of that amount 
of the coal of our national coal reserves from the operation 
of that one plant alone. This amount of conservation would 
not occur in case of using all high volatile coals, because the 
difference in yield from the low volatile Pocahontas coal 
when coked in retort ovens as against bee-hive ovens is 
much greater than is the case with high volatile coals. For 
instance, if the above mentioned tonnage of coke had been 
produced entirely from Connellsville coal, the saving of 
coal due to the greater yield in retort ovens would have 
amounted to about 475,000 tons per year. This with the 
saving due to replacement of about 500,000 tons of coal by 
surplus gas would give a total conservation of practically 
1,000,000 tons of coal per-year when using all Connellsville 
coal as against 1,700,000 tons of coal per year when using 
the mixture at Gary, Ind., above referred to. 

The coke produced in by-product coke ovens, when 
properly made, is fully equal in quality to that produced in 
bee-hive ovens; it is possible to utilize a larger variety of 
coals when properly selected and mixed, including coals 
which up to the present time have been practically regarded 
as “non-coking coals,” and make a highly satisfactory 
metallurgical coke. 
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I am distinctly of the opinion that in this country the 
by-product coke should in most cases be made at the blast 
furnace plants and not at the coal mines, for in this way it be- 
comes possible to mix coals from various localities to great ad- 
vantage. I believe that the operation of blast furnaces and 
coke ovens can be conducted in a more intelligent manner 
when the coke ovens are located at the blast furnace plant and 
are under the same management; this also allows a better 
distributing point for the by-products, such as tar and gas, 
which can be consumed to great advantage in the works, 
when the blast furnaces are connected with large steel 
plants. 

As to the constructive features of by-product coke ovens, 
which I have described somewhat in my paper, while we 
have learned a great deal from the Germans, yet I am frank 
to say I think we have improved very greatly not only on 
their construction, but also on their practice, particularly in 
the amount of output per day per oven, at the same time 
preserving, if not improving, the quality of the coke by 
so doing. ; 

As to the possible over-production of Nitrogen, careful 
study of the whole situation would indicate we need have 
no apprehension that the supply will exceed the demand. 
The increasing production of ammonium sulphate is making 
it possible to supply the farmer with the nitrogen he requires 
for intensive farming, and as this supply increases, he will 
be able to cultivate his land to better advantage and obtain 
a larger product per acre. I also believe, as the supply 
increases, it will tend to stimulate that demand which at 
present lies dormant. 

In the United States there were produced in 1912 about 
200,000 tons of ammonium sulphate and sulphate equivalent. 
We consumed approximately 230,000 tons, or considerably 
more than the production. If we recovered the ammonium 
sulphate from all the 53,000,000 tons of coal coked in this 
country in that year, it would have amounted to nearly half a 
million tons, or about twice the present consumption. Ifthe 
present rate of consumption increases in anything like the | 
ratio for the last ten years, then the consumption of 
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| ammonium sulphate will in a comparatively few years equal 
the greatest possible production obtainable through the 
coking of coal, and we all realize that before all of the coal 
is coked in by-product ovens in this country more than ten 
years must have elapsed. The probabilities are that the 
increase in the demand for ammonium sulphate produced 
from coal will in time exceed the supply from this source so 
that the further supply of nitrogen must come through the 
use of nitrate of soda from Chile, which has been and still is 
extensively used, and through other methods of obtaining it, 
such as from cyanamid, of which approximately 250,000 tons 
per year are being produced, as well as synthetic ammonium 
nitrate and sulphate processes, peat, etc. Some of these 
latter processes, however, can still be stated to be in the 
experimental stage, even though large amounts of money 
have already been spent in efforts to develop them. Their 
value as competitors to the present known and used fertil- 
izers through their ultimate economical production is too 
uncertain at this time to be discussed by me in detail. 

A careful study of what the various governments are 
doing, through their agricultural departments, in the way 
of educating the farmers as to the advantages of artificial 
fertilizers, and a consideration of what is likely to take place 
in the production of nitrogen from the above sources, leads 
me to believe that the demand for artificial fertilizers, for 
a great many years to come, will be in excess of the supply. 

Referring once more to the sulphate of ammonia, my 
conclusions are that the nitrogen in sulphate of ammonia 
can be produced at a lower cost than in any of the above 
sources of supply; in other words, that considering all of 
the above sources of supply, sulphate of ammonia, as made 
in the by-product coke ovens, will at all times give a hand- 
some return on the money invested. 

There is an ever increasing demand for the surplus gas 
for the many different uses of heating required in a steel 
plant, or for illuminating purposes, which will always cause 
the surplus gas to remain a by-product of great value. 

The use of tar, which formerly was a drug on the market, 
has of late been greatly stimulated as its advantages for 
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roofing purposes, binder for road-building, creosoting, burn- 
ing in open hearth furnaces, etc., have become more fully 
recognized. 

Benzol is now extensively used abroad as a motor fuel 
and the same conditions are likely to prevail here. Recent 
tests have shown that benzol is the equivalent of gasoline 
for this purpose. In fact, better results have been obtained 
with it in automobiles than with gasoline. 

As I previously stated, all of the coke in Germany is 
made in retort coke ovens and about 80 per cent. of these 
are equipped for recovery of by-products. From the rapid 
progress that is being made in this country, I firmly believe 
that the time is coming when the same condition will pre- 
vail in the United States. ; 

And now, Mr. Chairman, permit me to express my ear- 
nest appreciation of the assistance rendered in the study of 
this whole problem by my associates, particularly the mem- 
bers of the Coke Committee and the Coke Oven Superin- 
tendents. Their keen study of the different systems, their 
careful analysis of all conditions connected with operations 
have enabled us to reach the present state of perfection of 
the art, and great credit is due to them for all that has been 
accomplished so far. 
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THE MODERN BY-PRODUCT COKE OVEN. 


Wiuu1am H. Buauve.t 


Consulting Engineer, Semet-Solvay Company, Syracuse, N. Y. 


I cannot express too highly my appreciation of the pres- 
entation which Mr. Meissner has given us of this subject, 
which is one of great interest to so many members of this 
Institute. He has put the subject before you in a better 
way than a representative of any of the oven systems 
could have done, and his contribution will be of great value 
to the art. I have not prepared a formal paper supplement- 
ing Mr. Meissner’s, as it seemed more fitting to select cer- 
tain portions of his paper as a basis for my discussion, and 
enlarge on them. 

A little over twenty years ago the first by-product ovens 
in this country were started in Syracuse, and Mr. Meissner’s 
paper tells us what the twenty years of work have done for 
the industry. As in so many other cases, American engi- 
neers have developed this European invention most fully 
on the side of economy of operation and size of output. The 
first ovens in America coked 4.4 tons of coal per oven per 
24 hours, and 25 ovens, with a carbonizing capacity of 110 
tons a day, were regarded as the proper unit for one crew 
of men. The oven of to-day is carbonizing 20 tons per day, 
and practically the same crew of men, with the help of 
modern machinery, will handle 50 ovens, or more, carbon- 
izing 1,000 tons per day. 


CONSERVATION OF COAL SUPPLY. 


The value of the retort oven in the conservation of our 
coal fields, especially in low volatile coals, is of the utmost 
importance. It may be illustrated in another way as fol- 
lows: Pocahontas coal in a bee-hive oven yields 60 per cent. 
of coke; in a retort oven from 80 to 84 per cent., an increase 
of one-third, or more. Therefore, the owner of a Poca- 
hontas deposit of coal of, say, 1,000,000 tons, which he pro- 


180 AMERICAN IRON AND STEEL INSTITUTE, MAY MEETING 


poses to turn into coke will in effect increase his 1,000,000 
tons to 1,333,000 tons by the substitution of retort for bee- 
hive ovens. Or a blast furnace owner having a supply of 
Pocahontas coal that with bee-hive ovens will last him 10 
years, will increase the life of his coal supply 33 per cent. 
by substituting retort ovens for the bee-hives. 

This comparison is applicable to a smaller extent to coal 
fields where the difference in coke yields is less. 


Coxe MaKkine IN Great Brirain IN 1911. 


Supplementing Mr. Meissner’s figures, I have received 
some statistics regarding coking in Great Britain which are 
not entirely consistent, but from which I have compiled the 


following: 
Beeshiivie overs: ities Oiler sie are rerctestete avers Sees ee 14,300 
Coal coked per oven per day................- tons, 2 
Total coal coked per annum (300 days)........ tons, 8,580,000 
Coke} at 65 per cent..yield 22.7). trac feces ca tons, 5,577,000 
By-product OVens.c. ese. eee e dele ie ny 1s 6,524 
Coal coked per oven per day................. tons, 5 
Total coal coked per annum (360 days)........ tons, 11,748,200 
Cokes at 70) percent. yiGui mc verre yer tons, 8,220,240 


Changing these figures to American short tons for com- 
parison with our data, we have: 


Tons 
Bee-hive coke produceds-ccc s,s sien alee eee 6,274,125 
By-product coke produced ss.a0.c. cn sees ieee oe 9,247,770 
otal cokesproducediy pice sie voekrcen ee oe 15,521,925 


These figures show that 59.5 per cent. of British coke is 
made in by-product ovens. 


THE RELATION OF CoKING TIME TO COKE QUALITY. 


The coking time in a retort oven depends mainly upon 
four points: the heat of the oven, the quality of the coke 
desired, the composition of the coal and its moisture con- 
tent, and the width of the oven. Taking these up in inverse 
order, other conditions being equal, the time of coking is 
practically in direct proportion to the width of the oven. 
It may be possible to show that theoretically the wider oven 
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should delay the rate of coking per inch of width, but we 
have not been able to show this in practice. An increased 
amount of volatile matter seems to require more gas in the 
flues per unit of coal coked in a given time. I say seems 
- because it has not been worked out definitely, but that is 
the general opinion of the operators. This might readily 
be so even though the coking of coal is an exothermic reac- 
tion. With a given temperature in the coking chamber, 
and therefore in the escaping gases, the increased volume of 
gases carries off more heat from the oven. Wet coal requires 
more heat. Some experiments made at one plant where the 
moisture in the coal varied greatly, indicated that for each 
per cent. of moisture something more than 120 feet of addi- 
tional gas were required per ton of coal coked. Of course, 
if the amount of gas burned were maintained constant, 
producing a constant amount of heat, the above influences 
would increase the coking time. 

The quality of the coke produced is affected by the 
temperature at which the coking is carried on. At some 
of our plants we have found that to make blast-furnace 
coke that will best satisfy our customers the coal should 
be coked as rapidly as possible. That is, higher heats and 
the resultant short coking time, produce the well-developed 
cell and the hard thin cell wall, which seem best suited to 
the blast furnace. This harder coke is also more brittle 
and tends to produce smaller pieces. The foundry trade 
supplied from these same plants, on the other hand, is best 
satisfied with coke produced at lower heats, resulting in from 
20 to 25 per cent. increased coking time. These lower 
heats produce a blockier coke, and a thicker, softer cell 
wall, conditions which seem better suited to the operation of 
the cupola. 

The heat of the oven is, of course, the prime factor in 
determining the coking time, and, other conditions being 
equal, the one is directly dependent on the other. Of 
course, in making any such comparisons as the above, it 
is necessary to assume that the oven is properly heated, 
that the supply of heat in all parts is proportioned to the 
width of the oven, that there are no cold spots which will 
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delay coking in one portion of the charge while the remain- 
der is over-coked, etc. 


Division WALLS BETWEEN OVENS. 


The 18-inch division wall between the ovens in the 
Semet-Solvay system has been mentioned as allowing the 
operation of an adjoining oven while the oven is being 
repaired. This is a minor point, especially as some blocks 
of Semet-Solvay ovens have a record of 7 years’ operation 
without any repairs. One of the principal advantages of the 
division wall is that it makes the construction very strong 
and durable, free from distortion, and removes the load of 
the heavy brick top and the charging car, etc., from the thin 
flue walls. Perhaps the most important advantage, how- 
ever, is that these walls form a reservoir of heat. A charge 
of 16 tons of coal, carrying perhaps as much as 8 to 10 
per cent. of moisture, demands a large amount of heat in 
the first hours of the coking period. The division walls 
which are heated to the full temperature of the flues at the 
end of the previous coking period form an important reser- 
voir of heat which is freely drawn upon when needed, and 
helps to maintain uniform temperature. It has been found 
that the additional cost of these walls, and the additional 
space occupied, are fully justified by the advantages gained. 


UTILIZATION OF GAS. 


One important use for the surplus gas from coke ovens 
is as illuminating gas for municipal consumption. This has 
progressed much farther in this country than in Europe, 
and from 40,000,000 to 50,000,000 feet per day of illumi- 
nating gas from coke ovens are now produced and sold in the 
United States. With the rapidly increasing cost of gas oil, 
this is becoming an important matter, and much attention 
is being given just now to the wide development of this 
market for coke-oven gas. Some plants of considerable 
importance are being fitted with producers, so that the 
entire amount of gas distilled from the coal may be made 
available for illuminating purposes. This gas is essentially 
the same as ordinary coal gas, and its production for this 
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purpose is without any effect on the quality of coke pro- 
duced. As experience in oven operation develops the 
original troubles of irregular supply and variable quality 
have been largely overcome, so that municipal gas com- 
panies are becoming more accustomed to depending abso- 
lutely upon this supply. 


OvEN DESIGN. 


As Mr. Meissner has intimated, no type of oven con- 
tains all the points of excellence, and there are several 
types which will give entirely satisfactory results when 
properly operated. I will return to this point again. 

I have learned this morning that Professor Simmers- 
bach, of Breslau, has agreed to contribute to this discus- 
sion a paper on the vertical flue oven, and the reasons for 
its general use in Germany. As the type of oven with 
which I am best acquainted is one of the chief representa- 
tives of the horizontal flue type, it seems appropriate that 
I should take this opportunity to give some of the reasons 
why the representatives of this oven have continued its use 
and believe in it, notwithstanding that it is in numerical 
minority. 

The proper heating of a modern by-product oven is a 
difficult undertaking, as all metallurgists who have had 
experience with the heating of furnaces will readily recog- 
nize. The side of a modern oven is 36 or more feet long, 
and perhaps 11 or 12 feet high. This whole surface must 
be heated continuously to a high temperature (the heats in 
the flues run from 1100° to 1300° C.). This temperature 
must be accurately controlled over every portion of this 
surface, so that there are no cool spots to delay the coking 
process, and no overheated spots to injure the brickwork. 
In addition to this, the heat must be accurately controlled 
from top to bottom, and on account of the taper of the oven 
chamber just the right amount of additional heat must be 
supplied at the wider end of the oven to carbonize the addi- 
tional amount of coal there, so that the whole coking process 
will be completed at the same time. Failure or imperfection 
in any of these points, and a number of others, results in 
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inferior coke probably combined with reduced yields of gas 
and by-products. In a large plant there may be several 
hundred of these surfaces to be heated, and irregularities in 
the heats of any of them, in relation to the others, affect the 
efficiency of the plant. As Mr. Meissner has pointed out, 
good and efficient results may be gotten from a number of 
the well known systems, and no one type has all the ad- 
vantages. The principal advantages of the horizontal flue 
system are that every portion of every flue can be conve- 
niently observed by the operator, and the means for correct- 
ing any irregularities are right at his hand as he makes his 
observation. Work that is done conveniently and in com- 
fort to the operator is usually done well, and when every 
portion of every flue is convenient for observation, and any 
fault may be corrected at once, regularity in oven heating 
is sure to be at its maximum. 


Tests OF Goop OvEN OPERATION. 


The principal product. of a by-product coke oven is coke, 
and the principal point in the oven operation is the control 
of the heats. Given good construction and simplicity of 
parts, the oven that permits the most convenient and 
accurate control of the heats is the best oven. 

Returning to the point which Mr. Meissner emphasizes 
so strongly, namely, the importance of proper operation, I 
want to emphasize this point again. Good operation is a 
sine qua non, and calls for great attention to detail and the 
most careful application of metallurgical, chemical, and 
mechanical engineering. I know of no manufacturing ope- 
ration where the difference in the results from the very best 
and experienced versus indifferent or inexperienced. opera- 
tion is more striking. 

Recent writers on the subject have suggested the follow- 
ing points as important to a well-designed oven: 


1. Largest yield of surplus gas. 

2. Ability to substitute producer gas for oven fuel gas. 
3. Maximum yield of by-products. 

4, Maximum yield of good coke. 
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5. Shortest coking time. 

6. Lowest cost of operation and repairs. 

7. Simple and strong with weight properly distributed. 

8. The introduction of gas and air must be arranged so 
that they are easily controlled and the design must be such 
that all parts of the combustion system can be easily 
observed. 


The primary point in oven design is simplicity. Any- 
thing that involves elaboration or multiplicity of parts should 
be avoided. Easy access to every part is essential, because 
if it is not easy to give attention to a detail it will be 
neglected. This point especially applies to No. 8 in the 
above list, for the proper heating of an oven is the first 
requirement. 

One point that is often neglected is that one operation 
must not interfere with another. The ordinary workman 
is glad of an excuse to stop work, and the net efficiency of 
any plant is seriously affected if one set of workmen have to 
be frequently getting out of the way of another set. 

The practical advantages of a simple plant apply equally 
well to the recovery of the by-products and all the operations 
around a coke plant. ‘Safety first” has been adopted as 
the slogan of some of our great manufacturing plants. I 
would suggest “simplicity and efficiency”’ as the first maxim 
for the student of by-product oven design. 


THE MODERN BY-PRODUCT COKE OVEN. 


CHRISTOPHER G. ATWATER 


Manager Agricultural Department, American Coal Products Company, 
New York. 


Mr. Meissner’s able and comprehensive paper has 
brought out the present status of the by-product coke oven 
very clearly, and, to my mind, has set forth convincingly 
the advantages it has over the bee-hive or non-recovery 
type of oven. 

It is no longer possible to regard the by-product coke 
oven as either a beautiful but impractical chemical vision, 
or a striking instance of what the foreign steel men have to 
do that we do not have to do, or as a costly and dubious 
venture into the ‘chemical business.”” The recovery oven 
has achieved a definite place as a part of the steel-making 
process and presents economics and advantages with which 
the present day steel makers must reckon. 

On the broader ground of national economy the outlook 
is gratifying, for we can see in it progress towards the com- 
plete elimination of the loss and noxious waste gases due to 
the bee-hive ovens and an appreciable saving in our indus- 
trial consumption of coal. Aside from its use in iron smelt- 
ing, or parallel to it, the recovery oven has a field in the 
supply of coke as a smokeless fuel, in place of anthracite 
coal, a need which no other form of solid fuel seems likely 
to supply permanently unless it be anthracite briquettes, 
the manufacture of which is also dependent upon coke oven 
pitch. If to the above mentioned purposes we add the 
service of the by-product coke oven in supplying cheap 
illuminating gas, ammonia, tar and benzol, we cannot but 
realize that we are dealing with an industry of wide scope. 

Twenty years ago, as Mr. Meissner says, the first by- 
product coke ovens were put in operation in this country, 
at Syracuse, N. Y. It has therefore seemed appropriate 
to exhibit to you photographs of the original twelve ovens, 
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- for which I am indebted to Mr. W. H. Blauvelt. At that 
time much of what we now see clear before us as demon- 
strated facts was mere theoretical surmise. But twenty- 
two years before that Sir William Siemens saw some of the 
outlines clearly and put his belief into words that I cannot 
forbear quoting, since, where so much has been fulfilled, it 
seems reasonable to expect that all will be. 

In a lecture delivered in Glasgow in 1881, after paying 
his respects to the smoke nuisance with characteristic in- 
cisiveness, he summed up his beliefs as follows: 

I am bold enough to go so far as to say that raw coal 
should not be used as fuel for any purpose whatsoever, and 
that the first step towards the judicious and economic pro- 
duction of heat is the gas retort or gas producer, in which 
coal is converted either entirely into gas, or into gas and 
coke, as is the case at our ordinary gas works. 


Sir Wiliam Siemens died before the by-product coke 
oven attained any commercial importance; yet it is a 
significant fact that the regenerative principle which bears 
his name is now accepted by practically all the well known 
oven systems as the most economical in operation. 


HISTORICAL. 


I wish to add a line to Mr. Meissner’s excellent historical 
summary. In 1898 the principle of the division of gases, 
by which the gas from coke ovens was first made suitable 
for general illuminating purposes without further enrich- 
ment was brought forward by the late Dr. F. Schniewind. 
Through many discouragements, and in the face of inter- 
national skepticism, his method has now attained. inter- 
national introduction. 

In explanation of this statement I would say that the 
average run of coke oven gas contains ample heat: units 
but does not have illuminating value sufficient to satisfy 
the usual city requirements. Dr. Schniewind proposed to 
use the first fraction of the gas distilled off, containing the 
major portion of the lighter hydrocarbons for illuminating 
purposes, by means of a separate system of mains and 
condensing apparatus. The success of his plan has been 
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conclusively demonstrated at the Everett plant, supplying 
gas to Boston and vicinity. Thus coke oven gas, which 
may be worth from 4 to 8 cents per M cubic feet as fuel 
according to the value of the coal it replaces under boilers 
or in metallurgical furnaces, brings a price two or three 
times as great when delivered to the mains of a gas company. 

In recognition of Dr. Schniewind’s identification with 
the development of the by-product coke oven in this country 
from its very inception, I feel that this brief recognition of 
perhaps his most conspicuous service to the industry, 
though by no means the only one, is not out of place here. 


Coat Dryine. 


A device to dry washed coal quickly and cheaply has 
long been needed. If the method Mr. Meissner mentions 
fulfills his expectations, it will find a wide field. 

In this connection I would eall attention to the fact 
that, in my experience, a coal that was too dry made an 
improved coke when dampened up to 5 per cent of water. 
The difference between the dry coal and the dampened 
coal was quite apparent in the coke, and there was also an 
added advantage in handling and charging the damp ‘coal 
as it made less dust. I attribute the gain by dampening 
entirely to the closer packing of the coal in the oven, similar 
to the effect of coal compression, but in a less degree. The 
damp coal probably required a little more heat to coke it, 
but it was not appreciable, and there was possibly a slight 
gain in the ammonia yield. 


Coxine Tren. 


As regards the effect of a reduction in coking time on 
the by-products, I may say that whether a change from 
twenty-four or twenty hours’ coking time to sixteen and 
one-half hours does or does not affect the amount of tar, 
it has frequently been found to influence its quality unfavor- 
ably. The percentage of free carbon is increased beyond 
what is desirable, the tar acids, among the most valuable 


of the tar constituents, are decreased, and the naphthaline 
is undesirably increased. 
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There is also some reason to think that a shorter coking 
time usually means less actual tar output per ton of coal, 
as the higher heat is apt to crack the hydro-carbons and 
produce more carbon and waste pitch in the mains. I 
have examined the figures of the by-product industry in 
the United States for evidence on this point as far as they 
were available, and find that for the years 1908 to 1911, 
inclusive, the percentage of tar to coal fell regularly from 
3.75 per cent. of the coal to 3.3 per cent., while during the 
same period the ammonia recovery, reckoned as sulphate, 
has risen from .867 per cent. to .905 per cent., though not 
with the regularity of the tar decrease. Here are the figures 
by years: 

TABLE LI. 


Yretp or Tar AND AMMONIA IN By-Propucr Coxe OvENs 
IN THE UNITED STATES. 


1908 1909 


Tar, per cent. of Coal............ 3.42 3.62 


Sulphate of Ammonia, per cent. of 
CR Sa fe ey aon ea ae 0.867 0.904 


I do not feel, however, that these figures should be 
regarded as conclusive either way, because other factors 
may have come in. As Mr. Meissner says, the reduction 
in value and amount of the tar and ammonia is not of so 
much importance as the increase in yield and possibly 
quality of the coke on the shorter time, at least for blast 
furnace purposes. Nevertheless it is a factor that should 
be considered in its proper place. 


BURKHEISER PROCESS. 


In connection with the processes for making sulphate 
of ammonia, using the sulphur in the gas, I may mention 
that of Burkheiser, in which a special oxide purifier removes 
the sulphuretted hydrogen from the gas which is then used 
to make an acid solution for recovering the ammonia, the 
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latter being obtained as sulphate and sulphite. I am not 
aware, however, that this process is in actual use anywhere 
in this country. 

A modified form of the Feld process, to which Mr. 
Meissner refers, has been used at the works of the Central 
Union Gas Co., in New York, with some success. 


Uses or TAR. 


Regarding the uses of tar as a by-product, it should be 
said that one of the largest purposes for which tar is dis- 
tilled is to produce refined tar for saturating felt, this felt 
being afterwards used in combination with pitch to make the 
various well-known forms of tar roofing and waterproofing. 
More pitch, in fact, is used for roofing and waterproofing 
than for any other one purpose in this country. 

The use of tar as an application to roads is one of the most 
promising and satisfactory outlets for it. Nevertheless, it is 
not all plain sailing in this direction. The haphazard appli- 
cation of crude tar without refining or examination to de- 
termine its fitness for that purpose, has frequently proved 
unsatisfactory in the outcome, and has been known to give 
the tar treatment a black eye in that district. On the other 
hand, the use of a water free and blended tar, conforming to 
the specifications that experience has determined as best for 
the condition prevailing, has been highly successful under 
severe conditions of service. The application may be made 
cold, or with heated tar, or as a soft pitch, in which case it is 
incorporated with the road material while building. 

While Mr. Meissner’s statement is doubtless true, in that 
it is possible to use tar in heavy oil engines, I do not think it is 
so used in this country to any extent, and in Germany the 
tendency seems to be toward petroleum products rather than 
to tar. 

BENZOL. 


Regarding the use of benzol as a motor fuel, the case of 
a truck engaged in general city delivery work may be cited. 
On a six months’ test with benzol alone as fuel, a gallon of 
benzol yielded 15 per cent. more work than a gallon of gaso- 
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line. Based on an equal number of heat units supplied, the 
efficiency was about the same. 


AMMONIA. 


As regards the prospect of an increase in the production of 
sulphate of ammonia overtaking the demand for nitrogen in 
that form as a fertilizer, I think we may safely conclude that 
there is no immediate danger on that score if proper educa- 
tional methods are used. If we glance over the table quoted 
by the author on the fertilizer consumption of the various 
states of the Union, we find a wide difference, ranging from 
practically nothing to 320 lbs. per acre of improved farm 
land, and from no outlay at all up to $2.75 per acre. As most 
soils, if diligently farmed, will sooner or later come to re- 
spond profitably to an application of a nitrogenous fertilizer, 
we may expect the non-consuming districts eventually to be- 
come consumers, and, more promptly but not as extensively, 
the present consumers to increase their demands. 

In other words, our immediate market is with our present 
customers. Unfortunately, the best customers lie in the 
south, whereas the center of pig iron and ammonia produc- 
tion lies 700 miles away, somewhere near Chicago. Georgia, 
South and North Carolina, Alabama, Florida, Mississippi, 
and Louisiana take over one-half of the fertilizer sold in the 
United States. Or, to put it differently, 76 per cent. of the 
fertilizers sold in 1911 was used in the territory east of the 
Appalachian Mountains, and of this three-quarters was used 
south of Mason and Dixon’s line. If we add Alabama, 
Mississippi, and Louisiana, which together take over 10 per 
cent. of the total, we have only 14 per cent. left for the whole 
remainder of the United States. 


Usr or THESE Propucts IN AGRICULTURE. 


The great farming regions north and west of Chicago use 
no fertilizer to speak of. In fact, as the center of farm lands 
and of cereal production lies a little southwest of Chicago, 
this means that one-half of the United States farm area 
does not use fertilizers at all. These conditions bring out 
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problems in the economical distribution of sulphate of 
ammonia, and in the development of its use. 

We may gain some light on this question from the expe- 
rience of other nations. Germany, by means of widespread 
and energetic propaganda, has increased her home consump- 
tion year by year to 425, 000 tons of sulphate of ammonia, 
nearly twice our present figures. They have been forced to 
do this because the home production has increased annually 
by amounts from 40,000 to 70,000 tons, whereas our largest 
increase was that of last year, 38,000 tons, which will hardly 
be approached this year. 

Although Germany uses much more nitrogen fora nitrate 
of soda and sulphate of ammonia, both per acre and per 
capita, yet we must not build too much on these figures. 
Germany has a population of 290 per sq. mile, while we have 
but 32; and in spite of her large use of fertilizers, her yields 
of the principal crops average only 50 per cent. more than 
ours. Intensive culture is with her a necessity. 

France, where propaganda has been started but recently, 
uses but little more nitrogen per acre from the two sources 
mentioned above than does the United States, and less per 
capita. Her yields per acre of the principal cereals are but 
little more than those we obtain, although with a density. of 
population of 188 per sq. mile it would appear that the eco- 
nomic pressure would have driven her to intensive methods 
and increased efficiency. Apparently an educational cam- 
paign is necessary there also. 

The most hopeful indication is that, in spite of the 
increase in sulphate of ammonia and nitrate of soda pro- 
duction, and the advent on the market of the nitrogen recov- 
ered from the air, the price has been maintained with an 
upward rather than a downward tendency, aside from inci- 
dental fluctuations. 


THE MODERN BY-PRODUCT COKE OVEN. 


Oscar SIMMERSBACH 


Professor, Kénigliche Technische Hochschule, Breslau, Germany. 


I beg to add a few words to the very interesting and 
practical discourse of Mr. C. A. Meissner. 

The first known reference to the production of coke from 
coal is found in the works of the Greek philosopher Theo- 
phrastus (b. 372 B. c.: ef. Theophrastus, Fragments III., De 
Igne, page 37). 

The first coke was made, not in England but in Germany, 
as early as 1584, at the Hohenbiichen mine in the Harz, by 
Duke Julius of Braunschweig-Liineburg. 

As regards the relation between the quality of the coal 
and that of the coke, it is generally held with us in Rhenish 
Westphalia that: 

1. Easily fusible coal—i. e., coal yielding 70 to 80 
per cent. of coke—furnishes good blast furnace coke in large 
pieces at a relatively low coking temperature, larger pieces 
than if made at high temperature. 

2. Coal not easily fusible—i. e., both coal poor in gas 
yielding over 80% coke, and. coal rich in gas yielding less 
than 63% of coke—as a rule produces good, hard blast furnace 
coke only with a rather hot oven. The water content is also 
of influence, for if both the easily fusible and the not easily 
fusible coal contain too little water (below 10%) the 
result is inferior coke and less by-products than when coal 
with a higher water content (up to 147%) is used. 

As regards the coke oven brick, I entirely agree in general 
with Mr. Meissner. 

During the last hours of coking the coke no longer 
touches the oven walls, as it does during the first hours; 
hence the heat required for coking the still uncoked coal in 
the center of the oven is transmitted first from the flues 
through the heating wall by radiation and then through the 
coke already formed. The further the coking process pro- 
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gresses, the less heat is given off from the hot oven walls to 
the coal in the center, because the coke already formed, 
which lies nearest the walls, has almost the same tempera- 
ture as the walls, so that no further transmission of heat 
is possible. It must be noted that the specific heat of the 
coke is greater than that of the fire brick and that the tem- 
perature recedes relatively rapidly in the oven wall, as may 
be seen in the following tests by one of my students, Engi- 
neer Wilczek, at a Koppers oven: 


Owen Sicsec oe acox,c sey. acre aes Charged 9. X. 11.00 a. M. 
Oven? S67 n asthe cee eee ae Charged 9. X. 10.50 P. Mm. 
OvenshBree ee aa cobra ata Charged 10. X. 4.00 a. M. 


Temperatures (°C.) before shutting off gas. 
(Measured within 14 hr.) 


Heating walli8G/87, coke sid@s-p- eee eee ere ete 1010 
Heating wall 86/87, pusher sid Gascnc eins eer eee eee 1060 
Heating: wall’ 87./88,, coke aiden). vans.aeeer eerie eer ate 1030 
Heatimewallh87/S8. pusherisid 6.7 eemcr tae sclera 1010 
Coke cake (measured through central charging hole) ....1050 


Temperatures (°C.) after shutting off gas. 
(Taken at peephole on coke side.) 


Heating wall 86/87 Heating wall 87/88 

Dis (UES org RE tae a ce phir KOO PANO Repensiare cere) oii Secon elas 1030° 
DNB seg te ene iee te eal OOO Di 20 Ce te eee eae ae LOU 
2.50 980 2.40 980 
3.10 960 BS O0Re sup sees eae oem eae OW 
3.30 >, O40; 4f ASR20SRe sees ae eee eeemene 900 
3.50 920 3: AO oie ec ee O 
4.10 910 A OU Go ee a aactoe oeneeeee 870 
4.30 910 O20. cae mee) 
4.50 900 ASA) PCL, oy Sek cg eee 850 
5.10 . 890 5 OOS ee eee 840 
5.30 870 5.20 tacos one eee 840 
00) 870 5.40 830 

Heating wall 86/87 (pusher side) at 5.59................. 870 

Heating wall 87/88 (pusher side) at 5.53................. 820 

Coke cake, taken through central charging hole........... 980 


Oven chamber 87, pushed 6.10 


Here the temperature receded 160° to 190° C. in the walls. 
The coking was entirely completed, although the heating gas 
had been turned off four hours before the coke was pushed. 
But when the neighboring ovens were pushed, the direction 
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of the coke seam clearly showed that less heat proceeded 
from the wall that had been shut off. For proper utilization 
of the heat it is therefore necessary: 

1. To make the partition wall between oven chamber 
and heating flues as thin as possible, compatible with the 
stability of the oven; and 

2. To use firebrick of highest conductivity. But the 
latter is again more subject to deterioration by the saline 
content of the water in the coal. 

In general, in working with coal containing alkalies, every- 
thing that comes in contact with the gases should be of dinas 
material, and everything that comes in contact with the coal, 
of chamotte material. Of course, no dinas stone will be used 
in the lower part of the regenerators, as the change in tem- 
perature would injure the brick; nor would it be used in front 
of the oven, near the doors, because water can enter there 
on quenching the coke. Furthermore, the denser the brick 
the better its conductivity and the more resistant it is to 
alkaline influences. Chamotte brick—largely of argillaceous 
earth and of a dense, fine structure—is least subject to the 
injurious influences of alkalies. But such brick wears away 
rather quickly and loses its shape within a short time. To 
make it more durable it is advisable to add to the argillaceous 
raw material quartzite in grains of 2-3 mm. size, the brick 
then containing about 65% SiO, and 30% Al, Os. The grains 
must not exceed the above size or the surrounding mass will 
be loosened, as most raw quartzes expand greatly in fire, and 
the alkalies would then work more quickly and disastrously. 


RESUME BY CARL A. MEISSNER. 


The discussions by Messrs. Blauvelt, Atwater and Pro- 
fessor Simmersbach of my paper are especially interesting 
as amplifying my remarks and adding data which are in- 
structive, and help to round out more fully the discussion 
of this whole subject. They will, therefore, be greatly ap- 
preciated by the members of the Institute. 


CLAIMS AND THEIR ADJUSTMENT. 


Grorce P. Harty 
Special Agent, American Sheet and Tin Plate Company, Pittsburgh, Pa. 


Man is born to trouble. He is exercised about it all 
through life. He likewise anticipates much that never 
happens and often borrows it at eleven per cent when he 
really doesn’t need it. He enters the world with a cry; 
kicks much about things while in it; leaves it with a groan 
and is soon forgotten. 

Man began a career of imperfection in the Garden of 
Eden, as the story goes, and has been following it, more or 
less, ever since, and so being imperfect himself, he sometimes © 
does imperfect work. Perfection is generally unattainable 
though it is always an inspiration for doing our best, causing 
us, as Sidney Smith says, ‘‘to aim at the sun although we 
often hit a bush.”’ 

In the manufacture of Steel Products, there are certain 
irregularities that are avoidable and others that are un- 
avoidable. Those which can be prevented should have 
attention, and there should be a proper appreciation on the 
part of the buyer of those that cannot be prevented. The 
buyer should bear in mind the limitations of good practice 
and that the workmen in many features of manufacture are 


dealing with forces that are unseen and not altogether con- 
trollable. 


THE FUNCTIONS aND QUALIFICATIONS OF THE CLAIMS 
Man. | 

Because of these things and by reason of the further fact 
that sometimes workmen neglect their duties, and because 
of mistakes and misunderstandings, as well as because of the 
temperamental perversity of some buyers, the claim man 
becomes a necessity in adjusting troubles and differences 
that may arise between buyer and seller. 

‘To handle claims properly the claim man should be 
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familiar with the manufacture of the products against 
which they are made, so that he may know whether or not 
the complaints are justifiable, and thus be able to advise the 
mill people just what the trouble is, so that if the mill is at 
fault, corrective steps may be taken to prevent just ground 
of complaint in the future. He should also be familar with 
the proper uses of such material, so that if he finds it being 
used improperly he may be able to enlighten the customer. 
The claim man should have absolute control of his 
temper at all times, because the complainant is rarely in a 
state of mental felicity and also because it is a well-known 
psychological fact that when two people begin to discuss a 
proposition from different points of view at high tempera- 
mental temperatures, results are usually unsatisfactory. 


Four CLAssEs OF CLAIMS. 


Complaints and claims against steel products may be 
properly divided into four classes: 

First: Those for which the manufacturer is responsible 
because of defective steel, because of inefficient mill practice, 
such as insufficient annealing, bad surface, off color, un- 
reasonable variation in gauge and inaccurate shearing, as 
well as because of breakage and faulty workmanship in 
fabrication. 

Second: Those for which the carrier is responsible on 
account of material becoming damaged or lost in transit. 

Third: Those tor which the customer is responsible, 
either because of his improper practice in using the material 
or by reason of his innocently using the wrong grade, or 
because he knowingly and for economic reasons purchases 
a cheaper grade. 

Fourth: Claims on account of labor charges and damages 
of a consequential character. 


DIAGNOSING THE CASE. 


Immediately upon receipt of a complaint or claim it 
should be given a file cover which should be numbered and 
upon the face of which should be recorded the name and 
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address of the complainant and other information necessary 
for a complete record. All subsequent correspondence con- 
cerning the claim should be placed consecutively in the file. 
If the complaint is based upon the quality of material, the 
information should be developed, if not given when the 
complaint is made, the grade of material and whether such 
material had been used successfully heretofore for the same 
purpose, and whether a reasonable test or examination had 
been made, and from what mill the material was shipped. 
When this information is obtained, the claim man should be 
able to suggest relief at once. If the case is serious, he 
should send a representative to give the matter personal 
attention. 

A doctor cannot give relief unless he knows what is the 
matter with his patient. The conscientious doctor diagnoses 
the case before he begins treatment. And so a claim man 
must diagnose the claim intelligently before he proceeds to 
act. To do this effectively he must have full information. 
It sometimes happens that a customer with conspicuous 
inconsideration will curtly write in saying: “The last car is 
no good. Please give shipping instructions.” He doesn’t 
give any information at all as to the grade of the material, 
the nature of the trouble, or the mill that shipped it. Some- 
times a customer with a tropical temper becomes irritated 
when you ask him for facts. And he thinks that, because 
you don’t do as he wants you to immediately, you are 
indulging in unnecessary red tape and that you are seeking 
to evade responsibility. Such a customer fails to realize 
that we must rely entirely upon such information before we 
are able to give relief, and that for this reason he should 
cheerfully co-operate with us. Happily, there are not many 
such men these days, as sensible men realize that the easiest 
and pleasantest way to do a thing is to do it courteously 
and with a fair appreciation of the other fellow’s rights. 

When a complaint or claim is received the company’s 
treasurer should be notified, so that if the invoice is not paid 
-promptly he may know the probable cause. The general 
sales, operating and order departments, as well as the sales 
office through which the sale was made, and also the man- 
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ager of the mill at which the material was manufactured, 
should all be notified. Everybody interested in the com- 
plaint should be advised, so that if there are any other 
shipments of the same grade to be made steps may be taken 
to correct the trouble if possible. 


How Craims May ARISE. 


In thirty consecutive years of experience as a claim man, 
I have observed that, while most complaints and claims are 
conscientiously made, they are usually, although perhaps 
unconsciously, very much exaggerated. I have also noted 
that there is some frailty in human nature that causes us to 
place responsibility for trouble on the fellow farthest away 
from ourselves. I have also observed that the users of steel 
products are often too much inclined to place the burden 
of proof upon the manufacturer to show that he is not only 
not responsible for faulty material, but to demonstrate for 
them that the fault is theirs. There should be a more 
co-operative spirit of fairness on the part of customers 
toward the manufacturer in attempting to ascertain the 
cause of trouble, no matter who is responsible for it, and 
then there should be more mutual help in trying to correct 
it. For instance, if a customer is fabricating material and 
it breaks, the breakage may be due to either defective steel 
or insufficient annealing or because of too great variation in 
gauge. It rarely occurs to the customer that the trouble 
may be due to the fact that his tools are not suitable for the 
operation, or that he may be using an improper grade of 
material, or that he is not handling the material properly. 
For instance, if a food packer finds the contents of a can 
spoiled, he is most likely to charge the trouble to defective 
tin plate. And yet the trouble might easily be due to the 
fact that the can was not properly soldered, or that it was 
not hermetically sealed, or that the contents had not been 
completely sterilized. 

Again, if a customer has difficulty in properly enameling 
sheets, his trouble may be due to irregular steel which may 
cause the finished product to show blisters. The trouble 
may also be due to the fact that the customer pickles the 
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sheets too much or too little, or his pickling solution may 
be too hot, or too strong, or too weak. He may not thor- 
oughly rinse or cleanse the sheets, which is absolutely neces- 
sary before the material can be successfully enameled. And 
then again he may not have his enamel batch properly pre- 
pared. He may also injure the enamel coating by either 
burning it too long or at too high a temperature. 


ApsusTiInc Cruarms Soup By WEIGHT. 


All claims should be based on the conditions of sale. 
If material is sold by weight, a claim for shortage should be 
based on short weight, and that ascertained by weighing 
the material upon scales that are known to be as accurate 
as it is possible to have them. It is usual for manufacturers 
to employ scale experts whose business it is to see that their 
scales are in good condition. They take every precaution 
possible to have the invoiced weight correct and yet they 
may make mistakes. It is, however, unfortunately a fre- 
quent practice of customers to conclude immediately, if 
they find their weight less than the invoiced weight, that 
theirs is right and the shipper’s wrong. They do not take 
into consideration the fact that the personal equation may 
enter into the matter, that two men will rarely get the same 
results in weighing the same carload of material in many 
drafts on the same scales. They do not consider that the 
possibility of error is vastly increased by many drafts. 
They overlook the fact that they may be overtaxing the 
scales and straining them. Scales should not be loaded 
at above two-thirds of their rated capacity. Of course, we 
all know how unreliable outside platform scales are, due 
to variable atmospheric pressure, to moisture and to sub- 
stances getting in between the platform and the frame work. 

To illustrate, I have often weighed myself on different 
scales in the same establishment and I have always found 
considerable variation, notwithstanding the fact that all 
the scales are said to be absolutely accurate. Sometimes 
I have found such a variation in different scales in the same 
establishment that I couldn’t tell from them whether I was 
a heavyweight or a middleweight. And I remember one 
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instance in which the scales of a customer almost convinced 
me that I was a featherweight, notwithstanding my physical 
configuration, for they registered me twenty-four pounds 
less than my weight. And yet the customer when paying 
the invoice deducted for an alleged shortage in the material 
which had been weighed on these unreliable scales. 

A claim for short weight should not be based upon count 
of pieces. Sometimes a customer will figure the theoretical 
weight of a piece and then weigh a couple of pieces and from 
their weight figure the weight of the shipment from the 
number of pieces invoiced, which are only estimated, as a 
rule, and then base a claim upon such calculation without 
considering at all the usual allowable variation above or 
below the theoretical weight. 

A variation of one-half of one per cent. in the shipping 
and receiving weight on a carload shipment should be con- 
sidered as reasonable, and no claim should be made unless 
the shortage is in excess of that. Yet there are customers 
who will present claims for shortages based on a count of 
the number of pieces and stubbornly insist upon payment 
of such claims, thinking the claim agent unreasonable if 
he declines them. 


Crams Due to Damace 1x Transit. 

When material is damaged in transit, the consignee should 
be willing to co-operate with the shipper to reduce the loss 
of the carrier, providing he is not asked to assume any loss. 
No one should seek to thrive upon the misfortune of another. 
There is a general disposition on the part of the consignee 
to flatly reject the entire shipment and have nothing to do 
with it. Of course we appreciate that it is perhaps. often 
inconvenient for a jobber to handle damaged material, but 
there is no reason why a manufacturing customer should not 
co-operate in handling damaged shipments when he is held 
harmless of any loss. It is our experience that usually at 
least seventy-five per cent. of so-called damaged shipments 
are not damaged at all. And it seems tous that it is not ask- 
ing too much of a consignee that he accept the shipment 
as damaged, assort it at shipper’s expense, and reject only 
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the damaged material or use it at a mutually satisfactory 
price. 

In the past ten years there has been a tremendous 
increase in the use of steel products for the manufacture, 
not only of new articles, but of articles that were formerly 
made from wood and brass. 

Requirements as to working qualities, such as stamping 
and forming, to surface, to color, or to decimal thickness or 
gauge, have become extremely exacting. 

There has also been a marked tendency to reduce the 
cost of articles manufactured from steel products by buying 
a cheaper grade of material than that which really ought to 
be used. Economic production is of course to be commended; 
but the manufacturing customer should not expect to get as 
good results from the use of improper material as he would 
get if he used the proper grade. 


THE TENDENCY To Cut CoRNERS. 


Hor instance, in our line some customers are now using 
common one pass cold rolled sheets; whereas, formerly, they 
used patent leveled sheets. And they expect these common 
sheets to be perfectly flat. Others are now using refined 
sheets who formerly used pickled sheets, and they expect to 
get these refined sheets free from scale. Then there are 
others who use single pickled sheets who formerly used full 
pickled sheets, and they seem to expect to get as good sur- 
face. Some customers expect to get a full pickled finished 
sheet that is absolutely perfect on both sides. This, of 
course, is a manufacturing impossibility. Some customers 
who formerly bought a high grade product for finish and 
color, now use common steam-blued sheets and expect as 
uniform color and good surface as in the more expensive 
grade. 

Complaints are often due to the fact that salesmen do 
not ascertain the essential requirements of the customer, and 
for this reason it sometimes happens that unsuitable material 
is shipped. Salesmen should obtain the necessary infor- 
mation in regard to the requirements of the customer and 
these features should be noted on the order, so that the mill 
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people may know just what is required and be governed 
accordingly. It is just as important to avoid causes for 
claims as it is to settle them. 


ADJUSTMENTS SHOULD BE Basep on EQuity. 


In the settlement of claims it should be the policy of the 
claim agent to accord the customer prompt, just and fair 
treatment. The claim agent should always try to conserve 
the customer’s interest just as faithfully as he does that of 
his company, for he should appreciate the loyalty of a satis- 
fied buyer. 

The claim agent should not try to see how cheaply he can 
settle a claim, but how justly. Complaints should be thor- 
oughly investigated, not only to ascertain what merit they 
may have but to learn the cause of the trouble, so that steps 
may be taken to avoid their recurrence, if possible. 

Claims should not be settled upon a hair-splitting basis. 
The claim agent should be broad and liberal. Claims should 
not be settled on a guessing basis of loss, for the reason that 
such settlements are not fair to either the buyer or the 
seller. The claim agent should be more concerned about the 
justness of a claim than the amount of it. If a customer 
should get the better of a settlement when the amount is 
guessed at, he would probably prefer to make such settle- 
ments in the future. If he should get the worst of it, then 
he would not feel satisfied. No settlement is a good one 
that leaves the customer dissatisfied.’ 

When a customer innocently orders improper material 
for a certain purpose and runs into trouble, he should assume 
the loss. But his loss should be reduced by the seller in any 
way that seems feasible, and the customer should be educated 
as to the kind of material he should order in the future. 
When a customer knowingly orders a cheaper grade in sub- 
stitution for the proper grade, he should be held strictly 
accountable to the liability thus incurred. 

As a rule, manufacturers of steel products do not allow 
labor charges. In fact, such material is usually sold with 
the distinct understanding in the formal contract of sale 
that the manufacturer shall be exempt from such liability, 


206 AMERICAN IRON AND STEEL INSTITUTE, MAY MEETING 


as well as for damages of a consequential nature. And yet 
customers will often present claims for labor charges and 
consequential damage and think the claim man narrow, un- 
fair and arbitrary, because he refuses to do the very thing 
which they formally agreed his company would not be asked 
to do. The claim agent should always defend manufac- 
turing rules and principles. 


Some DETAILS OF PROCEDURE. 


The file record should always show that the next move is 
up to the customer. If the case has had attention and he 
lets the matter drop, the claim should be taken from the 
current files and put in the disposed cases. It often happens 
that a complaint will come into the claim department like a 
lion and go out like a lamb, largely due to the genius and 
facility some customers have for going off half cocked. 

It should be the practice of the claim agent to make a 
report each month to the executive, operating and sales 
departments, giving an alphabetical list of customers to 
whom claims have been allowed and the amounts. These 
reports should give the grade of material, the nature of the 
complaint, and the name of the mill at which the material 
was made. He should make a report each month to the 
sales manager of each district sales office of claims allowed 
to customers in his territory. This report should give full 
particulars. He should also make a report each month to 
the operating department, showing all claims allowed against 
the various products of each mill; and to the manager of 
each mill, showing full particulars of all claims allowed 
against his mill. He should also have a card system show- 
ing at all times the amount allowed various customers, as 
well as the amount allowed against the various products. 

These reports will be of course statistical but they will 
tell an interesting story to those to whom they are sent. 
They give the president full information as to what the claim 
department is doing. They tell the sales department the 
sources of complaints and claims, and how they have been 
disposed of. They tell the sales manager of each sales dis- 
trict of the complaints and claims made, and by whom, in 
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his territory, and how settled. And they tell the operating 
department and the various mills of the complaints against 
their various products and by whom made. These reports 
will suggest to the manufacturing department corrective 
measures which may remove causes for complaints, if the 
fault is due to mill practice. 


CONCLUSION. 


In conclusion, I want to correct an impression that is 
somewhat prevalent among some customers, namely, that 
the claim agent is working only for the interest of his com- 
pany and that he is not particularly concerned regarding 
the losses and troubles of the customer, when material 
proves unsatisfactory. While such an impression might re- 
flect the attitude of the customer if he were the claim man, 
yet it does not reflect that of an efficient claim agent. While 
the claim man should endeavor to save his company from 
all unnecessary losses, yet he should see to it that it bears 
cheerfully. all losses that are properly chargeable to it. The 
claim man should be broad-gauged enough to see each com- 
plaint not only from his point of view but from the view- 
point of the customer, and to handle it in such a way as to 
conserve the interests of all concerned. The claim man is 
always in the center of conflicting interests and opposing 
opinions. He is the buffer between the customer, the sales 
department, the operating department, and the mill. In 
handling claims it is of course impossible at all times to 
please everybody, no matter how hard one may try to do 
it. But there is much gratification, however, in the con- 
sciousness of having tried faithfully to do your duty. 
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THE PRACTICAL VALUE OF THE MICROSCOPE 
IN THE IRON AND STEEL INDUSTRY. 


ALBERT SAUVEUR 
Professor of Meta!lurgy and Metallography in Harvard University 


In complying with the request to read a paper on Metal- 
lography before the American Iron and Steel Institute, it 
may not be without interest to preface my remarks by an 
allusion to the very beginning of the study and applica- 
tion of Metallography in the United States. 

It was in 1891 that the management of the South Works 
of the Illinois Steel Company at South Chicago, Illinois, 
had the courage and foresight to take up the microscopical 
examination of the products of the mills, a task which 
was entrusted to me. It was a courageous move because 
very little had beeh done at the time and because metallog- 
raphy was then held in little esteem by iron and steel pro- 
ducers and consumers, it being considered by them as an 
occupation possibly of some scientific value but of no 
possible practical application. That it was an act of fore- 
sight has since been fully demonstrated. Sorby had then 
published his classical paper on the ‘Microscopical Struc- 
ture of Steel’ (Journal Iron and Steel Institute, I, 1886), 
Osmond and Werth had described their “Cellular Theory of 
Cast Steel”? (Comptes Rendus Académie des Sciences, 1883, 
and Annales des Mines, 1885), Osmond had published his 
“Transformations of Iron and Carbon” (Mémorial de 
lArtillerie de la Marine, 1887), his “Etudes Métallurgiques” 
(Annales des Mines, 1888) and his note on “The Critical 
Points of Iron and Steel’ (Journal Iron and Steel Institute, 
I, 1890), Howe’s epochal treatise on the metallurgy of steel 
was fresh from the press and contained an excellent critica 
review of Sorby’s work, and finally Martens had written 
several articles on Metallography. 
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' Tse BEGINNINGS OF METALLOGRAPHY IN AMERICA. 


That was the extent of metallographic literature when 
the subject was taken up at the South Chicago plant of the 
Illinois Steel Company. And to the best of my knowledge 
Professor Howe was then the only American devoting any 
time to the microscopical examination of iron and steel. 
Our progress, however, was encouraging from the beginning 
and the work was actively carried forward for five years, 
when, owing to unavoidable circumstances, it came to a 
sudden stop. But a substantial start had been made on 
sound foundations, and further progress was not to be 
stopped. Each year since has seen notable advance in the 
development and usefulness of metallographic methods, 
each year has seen new recruits added to the ranks of those 
earnestly interested in the subject and new additions to the 
list of industrial establishments utilizing the microscope and 
the methods of metallography for the conduct of their oper- 
ations, until today in the United States alone the microscope 
is used in more than 350 metallurgical establishments, in- 
cluding practically every steel mill of importance, while the 
subject is taught in practically every scientific or technical 
school. Had not the early start to which I have alluded 
been made, it is quite possible that instead of leading the 
metallurgical countries in the extent of the application of 
the microscope to metallurgy, we might occupy a much less 
enviable position. 

In the early days of iron and steel making some rough 
tests were applied to the finished or semi-finished articles 
in order to ascertain their physical properties, i. e., their 
strength or weakness, ductility or brittleness, hardness or 
softness, and the early metallurgist had to be satisfied with 
these crude means of estimating the quality of his products. 
The mechanical tests have been gradually improved until 
today the strength, ductility, elasticity, hardness, resistance 
to wear, to shocks, to repeated stresses, to alternate stresses, 
etc., can be measured with great precision, and the results 
yielded by these highly developed testing methods are of 
the greatest value to the producer and consumer as well as 
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to the engineer. No matter how refined the method of 
physical testing, however, and no matter how great the ac- 
curacy of the information it conveys, while very illuminating 
in indicating whether or not a certain steel is suitable for a 
certain purpose or whether it is better than another steel, 
it rarely enlightens us as to the manufacturing modifications 
needed to produce the desired results, and rarely points 
unmistakably to the factor or factors responsible for failure. 
Whatever it can do for us in these directions is done in an 
indirect, empirical way. 


Tuer LIMITATIONS OF CHEMICAL ANALYSIS. 


After the admittance of the chemist, reluctant at first 
and relatively recent, into iron and steel works, the knowl- 
edge supplied by him of the ultimate chemical composition 
of the raw materials and products proved of inestimable 
value to all concerned, until today the manufacture of iron 
and steel without his assistance is hardly conceivable. It 
soon became apparent, however, that the physical proper- 
ties of iron and steel articles could not be safely predicated 
from a knowledge of their ultimate composition, and that 
chemical analysis, therefore, also had its limitations in in- 
structing us as to what to use and what to do to produce 
certain results. That two pieces of steel may have exactly 
the same chemical composition and still vary greatly in 
physical properties is a fact now so universally known that 
its statement is superfluous. And we have come to realize 
that this lack of closeness in the relation between the ulti- 
mate composition of a substance and its physical properties 
is not confined to iron and steel but on the contrary is a 
very common, not to say universal, occurrence. The chief 
reason for this is evidently to be found in the consideration 
that although two pieces of steel, for instance, may contain 
the same elements in exactly the same proportions, those 
elements may form unlike combinations in both pieces. In 
other words, while the ultimate composition of both pieces 
may be identical they may differ in proximate composition. 

Clearly a much closer relation must exist between the 
properties of a substance and its proximate composition 
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than between those properties and its ultimate composition. 
Unfortunately, as I have previously expressed it, chemistry 
generally throws but little or no light upon the proximate 
composition of bodies, i.e., upon what may be termed the 
anatomy of matter. Its very methods, which call for the 
destruction of the physical structure of matter, show under 
what difficulties the analytical chemist labors when attempt- 
ing to obtain information as to proximate composition. 


THe FIELD OF SERVICE OF METALLOGRAPHY. 


Metallography on the contrary lifts the veil hiding from 
view the proximate composition of metals. 

To exemplify, I show in Figs. 1, 2 and 3 three pieces of 
steel which we may reasonably assume to have been re- 
ported by the chemist as having exactly the same ultimate 
composition, that is, as containing the same percentages of 
carbon, silicon, sulphur, phosphorus and manganese. The 
steel represented by Fig. 1, however, may have a tensile 
strength of some 100,000 Ibs. per sq. in., an elongation of 
20% and a hardness resembling that of calcite; the steel of 
Fig. 2 a tensile strength of 125,000 lbs. per sq. in., an elonga- 
tion of 12%, a hardness like that of apatite, while the steel 
of Fig. 3 may have a tensile strength of 110,000 lbs. per sq. 
in., practically no elongation and a hardness approaching 
that of quartz. (See page 213.) 

Evidently we have here three pieces of steel which, al- 
though of identical ultimate composition, are so unlike in 
properties as to suggest three radically different substances. 
To the metallographist, however, those unlike properties 
are not a source of surprise; indeed he would have predicted 
them from the unlike structural appearance of the samples 
suggesting unlike proximate composition. A brief descrip- 
tion of these structures and of their teaching may not be 
without interest. 

Fig. 1 shows the structure of steel containing 0.50% 
carbon after slow cooling from a temperature exceeding 800° 
C. Ignoring the presence of the ordinary impurities, such 
steel is made up of about 40% of free iron, called ferrite 
by the metallographist—the white constituent in the photo- 
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graph—and of 60% of pearlite (the dark constituent). 
Under higher ‘magnification (Fig. 4) this constituent which 
at first appeared amorphous is found to be made up of 
parallel plates alternately dark and bright, which we know 
to consist, respectively, of ferrite and of the carbide Fe,C— 
the cement carbon of the chemist, called cementite by the 
metallographist. The hardness of cementite approaches 
that of quartz; while ferrite, of course, is relatively soft. 
The mechanical mixture of ferrite and cementite known as 
pearlite, illustrated in Fig. 4, has a hardness resembling that 
of feldspar, a tensile strength of some 125,000 lbs. per sq. 
in. and an elongation of 10%. Assuming the strength of 
ferrite (carbonless iron) to be 50,000 lbs. per sq. in. and its 
elongation 40%, the strength and ductility of any steel made 
up of ferrite and pearlite may be readily calculated as I have : 
shown on another occasion by using the following formula: 


T =50,000 + 90,000 C. 
D=40—36 C. 


T representing the tensile strength in pounds per square 
inch, D the ductility expressed in percentage of elongation 
in two inches, and C the percentage of carbon. These 
formule would give for a slowly cooled steel containing 
0.50% carbon a tensile strength of 95,000 lbs. per sq. in. 
and an elongation in 2 inches of 22%. 


Some PracticaL APPLICATIONS. 


It will be seen that the strengthening and hardening in- 
fluences of carbon are readily explained by the microscope, 
for it is obvious that the more carbon in the steel the more 
cementite formed, which in turn means the more tenacious 
and hard pearlite and, therefore, the less weak and soft 
ferrite. Pearlite makes for strength and hardness, ferrite 
for softness and ductility and it is by varying the relative 
proportions of these two constituents of slowly cooled steel 
that innumerable grades of steel can be produced varying 
in strength, ductility and hardness. When steel contains 
some 0.85% carbon (Figs. 5 and 6) it is entirely made up 
(after slow cooling) of pearlite and is then of maximum 
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Fic. 1.—Steel containing 0.50% car- Fria. 2.—Steel containing 0.50% car- 
bon. Heated to 1000 degrees C. and bon. Heated to 1000 degrees C. and 
slowly cooled in furnace. Magnified cooled in air. Magnified 100 diam- 
100 diameters. Ferro-pearlitic struc- eters. Ferro-sorbitic structure. (W. 
ture. (W. J. Burger.) J. Burger.) 


Fic. 3—Steel containing 0.50% car- Fic. 4,—Steel containing 0.50% car« 
bon. Heated above its critical range bon. Heated to 1000 degrees C. and 
and quenched in water. Magnified slowly cooled in furnace. Magnified 
100 diameters. Martensitic struc- 670 diameters. Ferro-pearlitic struc- 
ture. (G. A. Reinhardt, in the Au- ture. (C. C. Buck.) 
thor’s Laboratory.) 
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strength,* further addition of carbon causing the formation 
of free cementite (Figs. 7 and 8) and the weakening of the 
steel, while the hardness continues to increase and the duc- 
tility to decrease. Steel made up wholly of pearlite is now 
very generally known as eutectoid steel, while steels con- 
taining some free ferrite or some free cementite are called, 
respectively; hypo-eutectoid and hyper-eutectoid steels. 

The structure shown in Fig. 2 will be seen to differ in a 
marked degree from that of Fig. 1. The light constituent 
is still free ferrite, but it should be noted that much less of 
it is present. While in its pearlitic condition (Fig. 1) the 
steel under discussion contains 40% of free ferrite, in the 
condition represented by Fig. 2 it contains but some 20% 
of that constituent. The dark constituent of Fig. 2, more- 
over, which at first sight might be inferred to be pearlite, 
when more highly magnified (Fig. 9) is found to lack the 
characteristic features of pearlite, namely, the well-defined 
laminated appearance, presenting instead a granular, ill- 
defined nearly amorphous structure. This constituent is 
called sorbite. I shall not attempt to present here the vari- 
ous arguments that have been offered to explain its exact 
nature. It will suffice for my purpose to state that sorbite 
is decidedly more tenacious, has greater elastic limit, greater 
hardness and less ductility than pearlite. It is produced by 
cooling small steel bars in air or larger pieces in oil. Forged 
and rolled small steel objects are often sorbitic or at least 
partly so when allowed to cool in air after the last blow or 
the last pass while larger sections (rails for example) may be 
made sorbitic by hastening their cooling by the use of water 
or otherwise. 


CERTAIN DIFFERENCES IN STEEL ACCOUNTED For. 


There are two evident reasons why sorbitic hypo-eutec- 
toid steel has greater strength, elastic limit and hardness 
and less ductility than pearlitic steel of same carbon con- 

*It is often stated that steel of maximum strength contains in the 


neighborhood of 1% carbon. I do not believe this to be true when the steel 
is truly pearlitic, as after slow cooling in the furnace, for instance. 
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Fig. 5—Steel containing 0.89% car- Fic. 6.—Steel containing about 0.85% 


bon. Slowly cooled from above its earbon. Slowly cooled from above its 
critical point. Pearlitic structure. critical point. Magnified 750 diam- 
(Arnold.) eters. Pearlitic structure. (Goerens.) 


Fig. 7.—Steel containing 1.10% car- Fic. 8.—Steel containing 1.43% car- 


bon. Slowly cooled from above its bon. Slowly cooled from above its 
critical range. Magnified 100 diam- critical range. Magnified 500 diam- 
eters. Cemento-pearlitic structure. eters. _Cemento-pearlitic structure. 
(H. C. Boynton, in the Author’s Lab- (H. C. Boynton in the Author’s Lab< 
oratory.) oratory.) 
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tent: (1) it contains less soft and weak ferrite and (2) pearl- 
ite is replaced by the harder and more tenacious sorbite. 

Sorbite, and, therefore, sorbitic steel, may also be pro- 
duced by first hardening the steel (i.e., by cooling it very 
quickly from above its critical range, as, for instance, by 
quenching it in water) and then reheating it to a tempera- 
ture exceeding 400 degrees but not 700 degrees C. This 
method of producing sorbitic steel is now widely used in the 
heat treatment of forgings which should possess a high 
combination of tenacity, elasticity and ductility. By: its 
use not only is it possible to make the steel sorbitic but the 
very fine structure resulting from the first quenching is re- 
tained while hypo-eutectoid, medium high carbon steels re- 
main, moreover, free from soft and weak ferrite. 

This is shown in Fig. 10, which illustrates the structure 
obtained by quenching in oil steel containing some 0.50% 
carbon from a temperature slightly exceeding its critical 
range, reheating it to 650° C. and again quenching in oil. 
The first treatment is for the purpose of refining the grain 
(through the formation of fine martensite), the second for 
the purpose of toughening through the transformation of 
the hard, brittle martensite into fine-grained, tough and 
tenacious sorbite. It is well known that the toughness so 
essential in the back of armor plates is obtained by the 
double treatment just described. 

In Fig. 3 the same steel is shown in its hardened con- 
dition. It now contains but one constituent, called mar- 
tensite, which we know to be brittle, extremely hard and 
deprived of ductility. Steel in its martensitic condition is 
suitable only for purposes requiring great hardness but little 
or no ductility, as for cutting tools, for instance, or for parts 
of machinery subjected to severe wear but not to shocks or 
other suddenly applied or suddenly reversed stresses. 

To sum up, in Figs. 1, 2 and 3 we have the characteristic 
structures of the same steel which has been subjected to 
three well-defined treatments, namely: (1) pearlitic steel 
produced by slow cooling through the critical range and 
possessing maximum softness and ductility but deficient in 
tenacity and elastic limit, (2) sorbitic steel produced (a) by 


ee 
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Fic. 9.—Steel containing 0.80% car- Fic. 10.—Steel containing 0.50% car- 
- bon. Heated to 1000 degrees C. and bon. Heated to 825 degrees C. and 
cooled in air. Magnified 500 diam- quenched in oil. Reheated to 650 


eters. Ferro-sorbitic structure. degrees C. and quenched in oil. Mag- 
nified 100 diameters. Sorbitic struc- 
ture. 


Fig. 11.—Steel containing about 0.50% Fic. 12.—Steel containing 0.50% car- 
carbon. Cast. Magnified 100 di- bon. Heated for two hours at 1150 
ameters. Ferro-pearlitic structure. degrees C. and slowly cooled in fur- 
(W. J. Burger.) nace. Magnified 100 diameters. 

Ferro-pearlitic structure. (H, C. 
Boynton, in the Author’s Labora- 
tory.) 
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hastening the cooling through the critical range or (b) by 
first hardening the steel and then reheating it to above 400 
but below 700 C., more tenacious and harder but less duc- 
tile than pearlitic steel and (c) martensitic steel, produced 
by very rapid cooling from a temperature exceeding the 
critical point, hard, brittle and deprived of ductility. While 
these three typical structures with their corresponding 
characteristic properties are obtained by sharply defined 
and well understood treatments, it will be obvious that the 
steel may be subjected to intermediate treatments and that 
these should yield intermediate structures and properties. 
In other words, we readily conceive the production of pearl- 
ito-sorbitic and of sorbito-martensitic steels having proper- 
ties intermediate on the one hand between pearlitic and 
sorbitic steels and on the other between sorbitic and mar- 
tensitic steels. As a matter of fact, so sensitive is steel to 
heat treatment that innumerable structural conditions may 
be produced, binding together through a gradual trans- 
formation forming an unbroken chain the pearlitic with the 
sorbitic steels and the latter with the martensitic steels. 


THe Law or DuctiLtity AND BRITTLENESS. 


In what precedes I hope to have succeeded in demon- 
strating the very loose relation existing between the proper- 
ties of steel and its ultimate composition, its carbon content 
for instance, and the much closer relation between these 
properties and the proximate composition of the metal as 
revealed by the microscope. From a knowledge of. the 
proportions of pearlite, sorbite, martensite, free ferrite and 
free cementite present in the steel we are able to foretell with 
a fair degree of accuracy the treatment received by the 
metal as well as its physical properties while a knowledge 
of the percentage of carbon does not convey any informa- 
tion as to the treatment received and enables us only to 
infer what the properties of the metal might be after certain 
industrial treatments. 

While the proximate composition of steel, or what we 
may call its structural composition, bears a much closer 
relation than its ultimate composition to its physical 
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Fic. 13.—Steel containing 0.50% car- 
bon. Heated to 800 degrees C. and 
slowly cooled in furnace. Magnified 
100 diameters. Ferro-pearlitic struc- 
ture. (C. C. Buck.) 


Fig. 15.—Gray cast iron free from com- 
bined carbon. Magnified 100 diam- 
eters. Ferro-graphitic structure. (F. 
C. Langenberg, in the Author’s Labo- 
ratory.) 
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Fic. 14—Steel containing 0.50% car- 


bon. Cold worked. Magnified 100 
diameters. Distorted ferro-peartitic 
structure. (H. C. Boynton, in the 


Author’s Laboratory.) 


Fig. 16.—Malleable cast iron free from 


combined carbon. Magnified 100 
diameters. Ferro-graphitic structure. 
(F. C. Langenberg, in the Author’s 
Laboratory.) 
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properties, I now propose:to show that even from a knowledge 
of the structural composition we cannot predict the physical 
properties with absolute certainty. In: other words, two 
pieces of steel may have the same structural composition— 
let us say the same proportion of ferrite-and pearlite—and 
still differ materially as to certain of their properties. The 
difference to be sure will not be of the same magnitude as 
that existing between pearlitic and -sorbitic steel, but it 
may be nevertheless sufficient to greatly affect the engineer- 
ing value of the steel. ‘There must be then another factor 
which influences the properties and which I have not yet 
considered. Who does not know that the properties, let 
us say the strength and ductility, of a chemically pure metal, 
are not always the same? Take copper, for instance— 
chemically pure copper—its tenacity varies greatly accord- 
ing to the conditions in which we test it, i. e., whether in 
the cast, cold drawn or annealed condition. And still 
its proximate as well as its ultimate composition necessarily 
remain unchanged. The explanation for these marked 
variations of properties corresponding to identical proximate 
composition is found in the consideration that metals are 
crystalline substances and that their properties are affected 
by the dimensions and forms assumed by the crystals or 
crystalline grains of which they are made up. Generally 
speaking it is true to say that the smaller the crystalline 
grains the more ductile and less brittle the metal and that a 
grain distorted (elongated) by cold working generally in- 
creases the elastic limit (and often the tenacity) while it 
decreases the ductility. 


CONCLUSION. 


When dealing with steel, therefore, it is not sufficient 
to inquire into the kind and percentages of the structural 
constituents; we must also consider the grain of the metal, 
i. e., the dimensions and forms assumed by those constituents. 
Fortunately, here again the microscope comes to our assist- 
ance for it does more than reveal the structural composition 
of metals,—it is a true dissecting instrument which lays 
bare their anatomy, i. e., the physical grouping of the con- 
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stituents, their distribution, relative dimensions, etc. In 
Figs. 11, 12, 13 and 14, for instance, we see the structure 
of four samples of steel having the same structural com- 
position, that is, the same percentages of ferrite and pearlite, 
and still these metals differ considerably in properties. 
Clearly because of the different arrangement and dimen- 
sions of the particles or grains of ferrite and pearlite of 
which they are composed. Fig. 11 shows the structure in 
its cast condition of steel containing 0.50 per cent. carbon; 
slow and undisturbed cooling from the molten condition 
has resulted in the formation of very large and coarse 
ferrite and pearlite particles causing the metal to be weak 
and to be lacking in ductility. Fig. 12 shows the structure 
of a similar steel forged, heated to 1150 degrees C., kept 
at that temperature for two hours and slowly cooled with 
the furnace. The slow cooling through its critical point 
has made it pearlitic while long exposure at.a high tempera- 
ture has coarsened its structure, both the free ferrite and 
the pearlite areas being of considerable dimension. So 
coarse a structure decreases the strength and ductility. 
In Fig. 13 we see the structure of the same steel after heating 
slightly above the critical range immediately followed by 
slow cooling. The steel is pearlitic but has a much finer 
structure, hence greater strength and ductility. Fig. 14 
shows a similar steel, the grains of which have been elongated 
by cold working. This distortion has greatly increased 
the elastic limit and greatly decreased the ductility. Hot 
working likewise while not changing the structural com- 
position, greatly affects the size of the grains according to 
the temperature at which work ceases. Hence the impor- 
tance of proper finishing temperatures. 

The very great difference between the properties of 
gray cast iron and those of malleable cast iron affords a 
striking example of the influence exerted by the form and 
mode of distribution of the constituents, for both those 
metals may have conceivably the same structural com- 
position, i. e., they may be made up of the same percent- 
ages of ferrite and graphite. In gray cast iron, however 
(Fig. 15), the graphite occurs in sharp, curved, irregular 
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plates so thoroughly breaking up the continuity of the 
soft, ductile ferrite as to greatly weaken it and destroy its 
ductility, while in malleable castings the graphite occurs 
as rounded particles (Fig. 16) and in this form is much less | 
harmful, the ferrite retaining considerably more of its 
tenacity and ductility (or malleability as this relatively 
small amount of ductility is wrongly called). 

If these remarks have in any way demonstrated, or 
even pointed to, the usefulness and possibilities of metallog- 
raphy, they will have served their purpose. 


THE PRACTICAL VALUE OF THE MICROSCOPE 
IN THE IRON AND STEEL INDUSTRY. 


BRADLEY STOUGHTON 
ConsuJting Engineer, New York. 


Professor Sauveur has modestly omitted all mention of 
his own part in the development of the practical value of 
the microscope in the steel industry. I shall do no more 
here than refer to his service because it is already well 
known to most of you, and because an account of it would 
take all of the time available for my discussion of his paper, 

There are only two reasons, it seems to me, why metal- 
lography is not a universal means of test in iron and steel 
works. The first is that some manufacturers are content to 
make steel and to make money, even if they are not making 
as good steel or as much money as some of their competi- 
tors. The second is that the reputation of metallography 
has suffered through the sometime lack of truly expert 
work—the right man has not been in his place. We would 
not have a ship piloted into New York harbor by the ad- 
miral of the fleet but by a local pilot. And a wise steel 
maker or an expert metallurgist will often get into shoal 
water on meeting problems which a good metallographist 
would bring to a satisfactory solution by following signs 
and indications which the other expert never sees. 

Metallography will not supplant care and skill in manu- 
facture; it will not supplant other standard tests and safe- 
guards. But it is an important additional safeguard which, 
we think, is admittedly indispensable for meeting modern 
competition in some lines, as, for example: 


To make high-grade steel, such as tool steel, alloy 
steels, and so on; , : 

For case-hardening and all heat treatment, including 
forgings and castings; 

To make good steel better and to make steel good a 
majority of the time, with minimum of failures; 

To make cheap steel without having it so bad as to be 
rejected; 
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To discover and prevent certain defects, such as occluded 
slag, sulphides, alumina and other oxides, segrega- 
tion, and blowholes. ; 

To explain why steels, of apparently good quality by 
the indications of other tests, yet fail in service, or 
at least, in certain types of service; why some wire 
becomes brittle during pickling and other wire does 
not; why some practices in wire-drawing unfit the 
product for tension cables; why some files are so 
much better than others, and so on. 


For the users of wrought iron and charcoal iron, metal- 
lography is the only reasonable safeguard against fraud. 
Malleable cast-iron manufacturers employ it with advan- 
tage, both technically and commercially, while the manu- 
facturers and users of cast iron are beginning to understand, 
with the aid of the microscope, something of the great com- 
plexities of their material. Lack of time prevents multiply- 
ing these illustrations. 

Our technical world has recognized that the structure 
and state of aggregation, the mode of occurrence and the 
form of the constituents of iron and steel, are more im- 
portant in their effect on quality than are the constituents 
themselves, and that, for a knowledge of these conditions, 
chemistry and the unaided eye are only crude guides at best. 

To-day a good metallographer can predict many things 
in advance of a test: For instance, he can not only give a 
good estimate of the chemical composition, including such 
things as oxygen, combined carbon in cast iron, and other 
things which analytical chemistry is only beginning to 
accomplish in a commercial way; but he can go farther and 
predict that steel will break with a cup fracture, a silky, a 
fibrous, a laminated, a crystalline, a fiery fracture, etc., etc. 
But this, like other expert microscopic work, requires a 
good, steady pilot, working in one field all the time, rather 
than your sea-captain or admiral, who gives his attention 
to interpreting the revelations of the microscope only when 


some emergency justifies his taking it away from a broader 
and more general field. 


THE PRACTICAL VALUE OF THE MICROSCOPE IN 
THE IRON AND STEEL INDUSTRY. 


J OHN S. UNGER 


Manager, Central Research Laboratory, Carnegie Steel Company, 
Duquesne, Pa. 


In discussing Professor Sauveur’s paper, ‘The Practical 
Value of the Microscope in the Iron and Steel Industry,” I 
am reminded of my first efforts to use the microscope in 
the examination of steel about nineteen years ago. 

Very little had been written on the subject at that time, 
as metallography was then in its infancy. I then believed 
that the microscope would supply the missing link between 
the chemical composition and the physical properties of some 
steels which had shown very erratic results. I must con- 
fess that I was disappointed. 

Many works have installed a metallographic laboratory 
without knowing fully what might be accomplished by its 
use, but with the belief that they might, accidentally or other- 
wise, discover something which might prove of value. It 
cannot be denied that it is a valuable aid in the study of 
metals when used in conjunction with chemical, physical 
and other tests. The study of metallography by the student 
will quickly give him an idea of the structure of metals and 
the changes that accompany a change in composition, heat 
treatment or mechanical manipulation. 

A survey of the majority of the articles printed in the 
books and journals will show that too much space is devoted 
to a description of apparatus, or to discussion of some 
theory, losing sight of the fact that the real value of metal- 
lography depends on its intense practical application. 


PRACTICAL APPLICATIONS. 


Among the practical applications of the microscope in 
metallography, the following may be mentioned: It will 
show spots, streaks, highly segregated areas, slag and small 
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cavities, the combined and graphitic carbon in cast iron, 
how well cast iron has been changed to malleable iron, 
whether castings have been over, under, or properly an- 
nealed, and whether a piece of steel has been worked at a 
high heat. It will show the approximate carbon content of 
a piece of ordinary steel which has been permitted to cool 
from a bright red heat in the air, the direction of rolling, the 
distortion of structure due to cold rolling or drawing, the 
slippage of crystals in a tensile, bending, torsion or vibratory 
test, and whether a good weld has been made. If the heat 
treatment of a piece of steel has been of simple character, 
it will show what has been done and approximately what 
temperatures have been used, if the composition is known. 
It will show the depth of chill in chilled cast iron castings, 
the depth of cementation or case-hardening, whether the 
surface has been superheated or whether decarbonized, if a 
high carbon steel has been hardened throughout, if the sur- 
face shows small fissures, and whether the proper temperature 
has been employed to obtain the best results. 

The microscope is of value in determining when an 
eutectic alloy is formed in brasses, bronzes and white metals, 
and in determining when an eutectic alloy of iron and carbon 


is produced. By an eutectic alloy is meant an intimate 


mixture of two elements without any precipitation or sepa- 
ration of either during solidification. 

The microscope may be used to examine the head of a 
rail, the tread of a wheel, the face of a roll, the surface of a 
die, to see the effect of crushing, the flow of metal and the 
abrasion. 

An investigator must not be too ready to condemn a 
piece of steel or iron because he has noticed something in 
its structure which does not look like the remainder. 
Wrought iron always carries streaks of slag, steel may 
' show small segregated areas, small seams on the surface or 
small pockets filled with slag and oxides. Any moderate- 
sized casting or forging will show a coarser structure at the 
center than at the edges, due to a different rate of cooling 
or work received, but none of the appearances given indicate 
that the metal has lost its practical value and is unfit for use. 
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The investigator must be able to properly interpret the 
results and to keep in mind that conclusions are best drawn 
from a re-examination of from 50 to 100 tests, rather 
than from the examination of two or three. As a large 
number of tests are more valuable than a few, the speed 
and cost at which they can be produced are important. 
No directions can be given for quickly obtaining a speci- 
men, as these vary with the material, but when secured, 
no machine work other than chipping or filing a flat sur- 
face should be necessary, and 15 minutes’ labor, should be 
sufficient to file, grind, polish and etch a specimen, except 
for very special purposes. 

Metallography must compete with chemical, mechani- - 
cal or other tests in the shops or laboratories, and that 
test which will furnish the most information in the shortest 
time and at the least cost will usually have preference. 


SUPERIORITY OF OTHER TESTS. 


The carbon content of steel which has been slowly cooled 
is shown approximately, only, by the microscope, but the 
exact composition must always be determined by chemical 
analysis. Physical properties are best determined by 
mechanical tests. Proper hardening of a tool, good case- 
hardening, decarbonized skin on the surface, surface cracks, 
cavities, seams or laps and depth of cementation are better 
and more quickly shown by the appearance of a fractured 
surface to the eye, and by tests of the hardness with a file, 
scleroscope, or some other form of hardness test. 

An etching or pickling test of a full-sized object will 
show blisters, seams, easily corroded areas, and slag inclu- 
sions much better than a micro specimen, and in addition 
has the advantage of permitting an inspection of the entire 
object. Blow-holes, pipes, detailed fractures, depth of 
chill, condition of the center of malleable iron, improper 
annealing, imperfect welding are best shown full size. A 
crushed or worn rail, or a bearing carrying a heavy 
load is examined as a whole, either before or after etching. 
Sulphur and phosphorous printing is easily executed and 
shows the segregation of these elements. Slip is shown 
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by the fibrous appearance of the fracture of a tensile 
test. | 

It is unlikely that micro-examination will supplant regu- 
lar shop tests, or that metallographic specifications will be 
included in future specifications, as they could not com- 
pete; nor are the results as convincing in most cases as 
other tests. So much can be learned by an intelligent 
study of analyses, fractures, etchings, hardness and various 
physical and mechanical tests that the microscope is best 
used to verify, if possible, what is already known. ; 

Professor Sauveur has shown three specimens of the same 
composition, but differently treated. While they differ in 
appearance, the facts that they are of the same steel, but 
differently treated and possessing definite properties, had 
to be determined by chemical and other tests, and not by 
the microscope. | 


MANNER OF REPORTING RESULTS. 


The micro-photograph has been the principal method. 
used to date in reporting results. A very few attempts 
have been made.to report the percentages of micro-con- 
stituents in the same manner that a chemical analysis is 
reported. Photographs are costly and require considerable ~ 
labor in their production. When finished they are of only 
comparative value, as no effort has been made by different 
investigators to standardize the magnification, the etching 
medium, and the illumination—all of which produce great 
differences in the photographs and render comparisons 
difficult. 

A report of a micro-examination of a steel should be 
accompanied by the analysis and results of mechanical 
tests, in order that an improvement in quality may be made, 
or a mistake in the manufacture or heat treatment corrected. 

Those who receive such reports must be able to interpret 
intelligently the micro results. Such necessary knowledge 
can be gained only by a careful study of the subject, as no 
one is properly qualified to pass an opinion unless he has 
devoted considerable time to the science of metallography. 


THE PRACTICAL VALUE OF THE MICROSCOPE 
IN THE IRON AND STEEL INDUSTRY 


GEORGE W. SARGENT 


Third Vice-President and Metallurgist. Crucible Steel Company of America, 
Pittsburgh, Pa. 


In the earlier days of Metallography—the science of the 
microscopic investigation of steel, although metallography is 
not confined to the microscope—much work in classifying the 
information had to be done. This was attended by much 
discussion pro and con of what was seen by the various ob- 
servers and much theorizing upon the physics of steel. Un- 
fortunately, perhaps, in the earnest desire of the metallog- 
raphists to arrive at the solution of it all, the practical side 
of the observations was not developed and by the practical 
minded steel men generally metallography came to be con- 
sidered an occupation for savants. Others believed the 
panacea for curing all the ills associated with the steel in- 
dustry would be promptly found through the microscope. 
Their discredit increased as their hopes failed to materialize, 
so that the practical value of metallographic investigation 
was lost sight of for a time. . 

However, a few, realizing that another tool was at their 
disposal, quickly seized and used it to assist themselves in 
elucidating the problems and propositions not explicable 
through the means then at hand, such as chemical analysis, 
tensile tests, fractures, etc. As Professor Sauveur states, 
these few have been added to until today three hundred and 
fifty metallographic establishments, aside from the steel 
mills, make use of the microscope. 

The extent to which the instrument becomes practicable 
in the iron and steel industry depends upon the man and his 
appreciation of its capabilities. A hammer will not build a 
house nor will a microscope make steel, but in practical hands 
either will be of the greatest assistance in the successful ac- 
complishment of the purpose to which it is suited. The 
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former tool hits the nail on the head, fastens the board in 
place and thus helps in bringing about the complete struc- 
ture. But this happens only when the hammer is in the 
hands of the experienced carpenter or builder. Similarly, 
the microscope becomes effective in the manufacture and 
control of steel only when it is in the hands of one who 
understands the tool and is keenly alive to and appreciative 
of its purposes and possibilities. 

The instances where—in connection with the other in- 
formation obtained through chemical analysis, hardness, 
tensile and similar tests—the microscope has cleared up 
difficulties encountered, are numerous. With us they are 
of daily occurrence. 

Under the heading, ‘‘Some Practical Applications,’’ Pro- 
fessor Sauveur could no doubt have cited interesting in- 
stances of his own work in connection with steel rails and the 
numerous published cases where the microscope has played 
an important part in aiding in the improvement of commer- 


cial products, such as boiler plate, car wheels, springs, tools - 


of various kinds, magnets, both permanent and electric, thus 
bringing the members of the Institute and their friends to 
realize more fully the practical value of the microscope 
in connection with iron and steel products. 


etl hinted mai eo 


SUMMARY 


PROFESSOR SAUVEUR 
(Submitted in writing after the adjournment of the meeting.) 


As I did not have an opportunity to reply to the discus- 
sions of my paper I may perhaps be permitted to do so in 
writing. 

A broad view should be taken of the industrial impor- 
tance of metallography. Let us cease to rest it upon such 
metallurgical niaiseries as the relative value of the micro- 
scope and of chemistry for determining the percentage of 
carbon in steel, or of the microscope and file for ascertaining 
whether a steel has been properly hardened, etc. Let us, on 
the contrary, realize that the microscope is doing for metal- 
lurgy, and to a certain extent for the mineral kingdom in 
general (witness its contributions to the science of petrog- 
raphy), what it has done and is doing for the animal and 
vegetable kingdoms—what it has done, for instance, in medi- 
cine and botany. Let us recognize the existence of a min- 
eral tissue as well as of animal and vegetable tissues, and 
the necessity, therefore, of studying its anatomy. 

Mineral substances are not the hopelessly inert bodies they 
are described to be. Is not steel, for instance, pulsating with 
life? Its tissue responds with extraordinary sensitiveness to 
changes of temperature and pressure. The cells of which it 
is composed expand and contract, are flattened, elongated 
or inflated by the treatments applied to it. At certain criti- 
cal temperatures it exhibits extraordinary activity, causing 
spontaneous upheavals of such magnitude as to completely 
alter its physical characteristics. 

Metals, as Osmond so justly remarked many years ago, 
should be treated like living organisms and we should study 
their anatomy, biology and pathology. The time is not far 
distant when it will be as unconceivable for a metallurgist 
to be ignorant of the constitution of metals as for the physi- 
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cian to be ignorant of the anatomy of the human body, or 
for the mineralogist to be ignorant of the constituents of 
rocks, or the botanist of the structure of plants. Chemistry 
is of the greatest value to physicians, but to modern medicine 
the microscope also is indispensable. It will be so in metal- 
lurgy. Indeed, I believe it to be so now. 

If most of us must of necessity follow the beaten path, 
let us at least do so without intellectual blinders, that our 
vision may be broader, that we may contemplate those— 
shall I say, more fortunate ones—who have been able or 
have been permitted to depart from it; and let us do so with 
reverence, for some of them at least are building roads that 
will lead nearer and over smoother ground toward the de- 
sired end. Surely these road builders are entitled to the 
respect and encouragement of all pilgrims bound toward a 
common goal, for their roads when open to traffic will be the 
highways of travel. \ 


TRANSPORTATION ON THE GREAT LAKES 


Harry CouLBy 
President, Pittsburgh Steamship Company, Cleveland. 


The subject allotted to me is “Progress in Transporta- 
tion on the Great Lakes, and What we may Expect in the 
Way of Development in the Future.”” I know of only one 
standard by which to forecast the future, and that is what 
has been done in the past. All of you, no doubt, have from 
time to time read in the trade journals of the increase in the 
size of ships and cargoes and the increasing yearly movement 
of freight on the Great Lakes. Statistics are always dry 
reading, but I know of no better way to illustrate graphically 
the wonderful growth of this lake commerce than by com- 
paring the tonnage of 1901 (the year the United States Steel 
Corporation was formed) with that Of L912: 


Some SUGGESTIVE COMPARISONS. 


In 1901 the total movement of iron ore on the Great 
Lakes was 20,157,000 gross tons, and in 1912 it was 47,- 
435,000 gross tons. In this connection I call your attention 
to one significant fact, namely, that the percentage of the 
total movement of the Steel Corporation for its own use 
was 10 per cent. less in 1912 than in 1901, demonstrating 
very clearly that, even with the large expenditures made by 
the corporation at Gary and other plants, the other con- 
suming interests of lake ore have grown more rapidly than 
the Steel Corporation. 

The movement of bituminous coal on the Lakes in 1901 
was 6,533,000 tons. In 1912 it was 23,336,000 tons. Last 
year the movement of grain was 485,000,000 bushels, as com- 
pared with 255,000,000 bushels five years ago. The total 
amount of freight moved through the Detroit River last 
year was about 95,000,000 tons. In 1901 the average lake 
freight on iron ore from the head of Lake Superior to Lake 
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Erie ports was 80 cents per gross ton; in 1912 it was 50 cents 
per gross ton. In 1901 the largest single cargo carried on 
the Great Lakes was 8,222 tons; in 1912 the record single 
cargo, carried by the steamer Col. J. M. Schoonmaker, was 
13,511 tons. In 1901 the total value of freight moved 
through the Sault Canal was estimated at $298,000,000, as 
against $791,000,000 in 1912. All this will give you a fair 
idea of what the growth of lake commerce has been during 
the last quarter century. 


IMPROVEMENTS IN TERMINAL FACILITIES AND SHIPS. 


It is estimated that the movement of iron ore on the 
Great Lakes this year will exceed 50,000,000 gross tons, or 
a 150 per cent. increase over the movement of 1901. Bear 
in mind that the season of navigation on the Lakes does not 
exceed an average of 240 days, or about 200 working days 
at the loading and unloading docks. This will require 250,- 
000 tons of ore to be handled every working day in and out 
of the ships during the season of navigation. 

The Terminal Companies have been equal to the de- 
mands made upon them. When I first became connected 
with the business about a quarter of a century ago the ore 
was loaded into tubs in the hold of the vessel, hoisted up 
onto a staging with a small engine, dumped into barrows 
and wheeled into cars, and the task of discharging the largest 
ship then engaged in the trade, carrying about 2000 tons, 
was satisfactorily performed if accomplished in a week’s time. 
Today the record for unloading is 10,636 gross tons taken 
out of the hold of a ship and put into cars in two hours and 
fifty minutes. The modern unloading machine is indeed 
a marvel in engineering skill. It is electrically operated, and 
each unit is capable of transferring ore from the hold of a 
vessel into cars at the rate of 400 or 500 tons per hour with- 
out the necessity of any manual labor in shoveling the ore. 
Here we have a striking illustration of the elimination of 
manual labor, as in the early days every pound had to be 
shoveled by hand. Until this type of unloading machine 
was adopted fifty men were required to do the shoveling 
necessary to unload a 2000 ton cargo in a day. 
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The new ships that are being built for this trade are about 
600 feet long, 58 feet wide and 32 feet deep, built under the 
arch construction plan, with double sides, triple expansion 
engines of about 2000 indicated horse power, with an aver- 
age speed of eleven miles per hour, and burning about a ton 
and a half of coal per hour. In 1912 the greatest amount 
of freight carried by one single steamer was 874,000 tons, and 
the greatest number of miles run by one steamer was 46,835. 

If the estimated movement of ore during the present 
season of navigation is accomplished it will require a weekly 
movement of iron ore, coal and limestone through the office 

.of the Pittsburgh Steamship Company (the lake arm of the 
United States Steel Corporation) of over 1,000,000 tons. 


VALUE OF CO-OPERATION. 


Lake commerce has had a wonderful growth in the past, 
not equalled in any other locality in the world. The ease 
and regularity with which it is handled is due to the spirit 
of hearty co-operation that exists between those engaged in 
this business: I know of no greater exemplification of what 
can be accomplished by co-operation and team work. We 
are working along the same lines as this Institute. Every 
winter we have a convention attended by representatives 
of the mining companies, the railroads and terminal com- 
panies, the captains and management of the ships, govern- 
ment officials in charge of the canals and aids to navigation, 
and matters are discussed pertaining to the business. These 
men get better acquainted with each other and talk over 
the difficulties that occur in their part of the work; reports 
of delays and interruptions to the business are made and 
discussed; and all join together in formulating ways and 
means to avoid delays and keep the tonnage moving. The 
question of safety to life and property is also given very 
serious consideration, and committees are formed to watch 
carefully at all times and make suggestions for the elimina- 
tion of accidents. We are indebted to the Welfare Commit- 
tee of this Institute for some very valuable suggestions 
which we find applicable to our business. I know that the 
results of these yearly conventions are the most important 
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contribution to the development of the business from an 
economic standpoint. 


As To THE FUTURE. 


Now, a word as to the future. The chain of the Great 
Lakes is the greatest inland waterway in the world. It 
extends a thousand miles from Buffalo in a northwesterly 
direction, and about the same distance through the Straits 
of Mackinaw to Chicago, with only three places in the en- 
tire distance where channels have had to be widened and 
deepened—that is, through the Detroit and St. Clair rivers 
and through the St. Mary’s River. All the balance of the 
way is practically an open sea on which the largest ships afloat 
can navigate. The center of population is constantly moving 
westward and our needs are becoming greater every year. 

Hstimates have been made of the amount of ore that is 
available in the Lake Superior District, but with new devel- 
opments each year and the necessity of using the leaner ores 


I do not believe there is any man living who can make an- 


estimate that is worth anything of the available tonnage of 
ore that will eventually be brought down from the Lake 
Superior District before the ore bodies-are exhausted. The 
other day I was speaking with a practical mining man who 
had spent his whole life in the iron mines of the Lake Su- 
perior region, and it was his opinion that on the older 
ranges there would be large tonnages of ore found at greater 
depth. No estimate has been made of the tonnage of what 
is called low-grade ore that would not become marketable 
until some of the richer ores are exhausted, but the known 
area of the ore-bearing formation of this so-called low-grade 
material is very large and will eventually come into its own. 


THe GrowtH or Laxe Commerce Witt ContINuE. 


I believe the growth of lake commerce will be just as great 
during the next twenty-five years as it has been in the past. 
The country tributary to Lake Superior is rapidly becoming 
populated and new business for water transportation is 
springing up every year. Large bodies of limestone have 
been found in the Alpena District on Lake Huron, and this 
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material is now being shipped as far east as Buffalo and also 
to Chicago and Duluth. The Dominion of Canada is very 
rapidly contributing to our lake commerce. The north- 
western Provinces of Manitoba, Saskatchewan and Alberta 
in the year 1900 produced 43,250,000 bushels of grain. In 
the year 1912 their production was 453,000,000 bushels, 
and it is today taxing the railroads to their utmost limit to 
get this product to the consumer. In fact, in 1911 and 1912 
some of this grain was spoiled on account of lack of railroad 
facilities to transport it. The nearest and cheapest way to 
get this grain to the consumer is via the Great Lakes to 
Buffalo, and thence by rail to the seaboard for export. 

Lake Erie and Lake Ontar:o are connected by a system of 
locks in the Welland Canal. These locks will not accom- 
modate a boat longer than about 265 feet, on a 14 foot draft, 
which restricts commerce to Lake Ontario to boats of this size. 
Appreciating the necessity of clearing away this obstruction, 
the Dominion Government has, I understand, appropriated 
$200,000, for a preliminary survey for a contemplated im- 
provement to cost $50,000,000, completed with which it is 
proposed to straighten and deepen the Welland Canal, 
reduce the number of locks from 25 to 7, and give 30 feet of 
water for navigation through the canal available for ships 
300 feet long and 80 feet wide. Our own Government, with 
great forethought, has realized that every dollar spent in 
widening and deepening these channels connecting the Great 
Lakes brings the producer and consumer just that much 
closer together. And I firmly believe that in years to come 
either our own Government or the Dominion Government, 
or probably both working together, will carry on the work of 
deepening the channels connecting Lake Erie with Lake 
Ontario, and Lake Ontario with the Atlantic Ocean, until 
the day will arrive when ships will load cargoes of grain at 
the northwest end of Lake Superior and carry their cargoes 
to the markets of the Eastern hemisphere. 


WHAT CAUSES FATIGUE? 


Tuomas Daruineton, M.D. 


Secretary, Welfare Committee, American Iron and Steel Institute. 


In modern industry there is no question of more impor- 
tance, so far as human activity is concerned, than that of 
bodily fatigue. A review of the causes of fatigue and of 
remedial measures looking to prevention of over-tiredness is 
therefore appropriate at this meeting. 

It needs no scientist to tell us that the proper use of 
muscle increases its power for work, that proper exercise 
increases strength. As Josephine Goldmark has well said: 


Work itself is of the essence of life; without it, man’s 
physical as well as his moral nature decays. Regular con- 
tinuous labor and exertion is as necessary for the worker’s 
health as it is for subsistence. 


SoME PuHysIoLoaicaL Facts. 


To understand fatigue, and the various factors of its 
causation, we must understand certain physiological facts. 
In the living body there is constant change. Constantly 
there is a building up process; constantly there is a breaking 
down. and wasting process. Even though there be but little 
bodily movement or exertion, still the glands are secreting, 
still there is production of heat. The chemical changes that 
take place are known as metabolism, the building up process 
being called anabolism, and the breaking down process 
catabolism. 

In the muscles particularly such chemical changes are 
constantly taking place. These changes take place more 
rapidly when the muscles are in action, that is, when the 
muscles contract. Every exertion and muscular contraction 
causes the expenditure of energy. Every muscle contains in 
itself latent energy in fuel to be converted into mechanical 
energy and heat. This fuel is supplied from the blood and is 
in the form of sugar (dextrose CsH,20,), animal starch (gly- 
cogen C.H,,0,), and fat. 
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The living substance of muscle has the power of burning 
up sugar. In this process lactic acid and ultimately carbon 
dioxide and water are formed. Thus, dextrose changes to 
lactic acid—C,H,,0, (dextrose) =2 (C;H,O;) (lactic acid) — 
and the lactic acid is finally broken down into carbon dioxide 
and water. 

Muscle is made to contract by stimulation. This stimu- 
lation is through impulse, from the brain or other parts of 
the nervous system. It may primarily arise from the will, 
and secondarily from heat, from cold, from electricity or 
from other causes. When a muscle contracts more oxygen 
is used and more carbon dioxide is discharged than when it is 
resting. A normal resting muscle is alkaline in its reaction, 
but after a number of rapid contractions it becomes acid in 
its reaction. 

The materials for building up the tissues are carried to 
the various portions of the body by the blood stream, and 
the products of waste are carried away from the tissues by 
the same means. 

The oxygen necessary for combustion—that is, for chemi- 
cal transformation in the production of energy—is carried 
by the red material in the blood (hemoglobin) to the tissues. 
The red material there gives off some of its oxygen, and the 
blood takes up carbon dioxide, which it carries back to the 
lungs to be eliminated. 

The liver normally forms sugar and glycogen, or animal 
starch, a substance readily converted into sugar. Muscle 
tissue is capable of storing up in the form of glycogen much 
of the sugar brought to it. Glycogen is, therefore, a normal 
constituent of the muscles. 

In some respects the development of energy in the body 
is analogous to the development of steam in a boiler or the 
operation of a gas engine. There must be fuel, such as coal, 
oil or gas; there must be a supply of air containing oxygen; 
and there are the ashes as waste. . 

From the above it is obvious that muscular energy de- 
pends largely upon three things: 

1. The amount of fuel stored and the ability of the system 
to bring it into use. 
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2. The ability of the system to furnish oxygen to burn 
the fuel. 

3. The ability of the system to carry off waste or other 
toxic substances. 

Conversely, fatigue is due primarily to the failure of the 
system to perform properly one or more of these functions. 


STORAGE OF FUEL. 


First, fatigue may be caused by anything that interferes 
with the storage of fuel. This may arise from a lack of fuel. 
Under this head would come underfeeding, improper feeding, 
indigestion of food, lack of assimilation ot food, and in- 
capacity of the liver and muscles to store sufficient glycogen. 

It requires no argument to prove that if fuel is lacking 
energy must also be lacking. So if one does not have sufh- 
cient food, he cannot store enough energy. This may also 
be the case when a large enough quantity is eaten but not 
of the proper kind or quality. One has learned much who 
has learned what food to purchase. For example, cabbage 
is a very common article of diet but there is little energy 
to be derived from it. We should all study food values and 
how and what to purchase in order to get the most and the 
best for our money. 

It is impossible in this paper to go into all the details of 
the digestibility of different foods. 

To regulate the food according to the demands of the 
body, to have a properly balanced dietary, comes only as 
the result of study. Education along these lines in connec- 
tion with industrial plants is best given in the form of house- 
hold instruction by trained nurses or domestic educators. 

True, since Knoop has shown that the system can change 
one food into another, an excess of one kind of food is 
probably converted in the system into others. But physio- 
logical tests have shown that a mixed diet is best for the 
needs of the system. The body is very adaptable but we 
should not put upon it unnecessary alimentary burdens. 

Pavlov has shown that the secretion of the gastric juice 
depends largely on the character of food and on appetite. 

All of these things relate to the question of the wise 
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selection of food for energy and the needs of the system. 
An examination of many lunch buckets has indicated to me 
that sometimes but little thought is given as to the kind of 
food that goes into them, provided there is quantity. Many 
times the food in lunch buckets, such as yeast bread, becomes 
sweated, and milk in the coffee undergoes more or less fer- 
mentation. This bears directly upon energy. 

After food reaches the stomach there is often much need- » 
less waste, particularly of the sugars, due to fermentation in 
the stomach. The sugars are split into acids before reaching 
the tissues and so are partly lost for energy. The fermenta- 
tion is due to two causes: First, to a lack of gastric juice; and 
second, to an excess of bacteria. A lack of gastric juice, and 
therefore indigestion, is due to an improper selection of food, 
to a disturbed mental condition (anger, grief, worry) or to 
reflex disturbances of the gastric nerves, from chronic appen- 
dicitis, etc. Or there may be an excess of bacteria. This 
is due either to fermented or putrid foods, or to the addition 
of bacteria to the food from unclean mouths and bad teeth 
or dirty hands. Over-eating and rapidity of eating also 
affect digestion and therefore promote fatigue. 

Assimilation of food varies in different persons. The 
capacity of the liver or of the muscles to store glycogen must 
depend somewhat on their size and the size of a muscle 
depends largely upon its use. 

To combat fatigue from these causes it would be well to 
have at plants dining rooms and restaurants, with freshly 
and properly prepared and well selected foods, furnished at 
the lowest practicable price, served under cheerful and 
pleasant surroundings, and with sufficient time to eat. 


A Lack or Oxycen Causes FaticuE. 


Secondly, fatigue is caused by anything that interferes 
with the carrying of oxygen to the tissues. This may be 
a diminished amount of oxygen in the atmosphere, dimin- 
ished carrying power of the blood, diminished lung capacity, 
or interference with the circulation of the blood. 

The two factors which relate especially to diminished 
amount of oxygen in the atmosphere are bad ventilation 
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and altitude. The main effect of bad ventilation, especially 
where there are a number of people in a room, is to increase 
the humidity. The detrimental effect of this humidity, 
which will be considered at greater length later in this paper, 
is of more importance than any diminishing of oxygen or in- 
crease in carbon dioxide. 

From diminished oxygen, altitude produces fatigue. 
Anyone who has climbed a mountain has felt this. 

In industry we are more concerned, however, with the 
diminished oxygen carrying power of the blood. As before 
stated, oxygen is carried to the tissues by the blood, which 
also carries carbon dioxide from the tissues to the lungs to 
be eliminated. 

There is a great difference in people as to the number 
of red corpuscles in the blood, and therefore in its oxygen- 
carrying power. Some people have only half as many red 
corpuscles as others. If these red corpuscles are much di- 
minished the condition is called anemia. Leaving out the 
question of loss of blood, anzemia is produced by a variety 
of causes, among which are deficient light, insufficient iron 


in the blood, insufficient variety of food, irregularity of the | 


bowels, as the sequel of disease (particularly infectious dis- 
ease) and of metal poison, such as lead. So, working at night, 
or in dark buildings or dark rooms, is injurious to the blood. 


CaRBON MonoxIDE. 


A matter of particular importance to those in the iron and 
steel industry is the fact that the oxygen-carrying power of 
the blood is very much diminished if there is any carbon 
monoxide in the air breathed by the men. The deleterious 
effect of this gas is due to its combination with the red ma- 
terial in the blood, thus injuring the oxygen-carrying function. 
The affinity of the red material of the blood for carbon 
monoxide is much greater than its affinity for oxygen, form- 
ing a compound with carbon which is a much more stable 
compound than that formed with oxygen. 

Carbon monoxide often produces a fatal effect. So we 
must guard against poisoning by this gas. This is a product 
of the furnaces and is especially dangerous in bad weather, 
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coming down the side of the furnaces. It also occurs in 
engine rooms from leaky gas engines; and we find it in plants 
where open fires, such as salamanders, are used for heating 
purposes in winter, or from blacksmiths’ fires. Even though 
the quantities breathed are small this gas, breathed con- 
stantly, will in time produce anemia. So gas engines should 
be watched. For heating purposes other methods than open 
fires should be adopted. And blacksmiths’ fires should be 
hooded to carry away gases. 

Anything that interferes with the general circulation of 
the blood, such as heart disease, tight clothing or the con- 
dition of the body, causes fatigue. Where there is diminished 
lung capacity, as in consumption of the lungs (phthisis), 
there is interference with the oxygen carrying power of the 
blood. In_heart disease the blood is not properly pumped 
through the body. In the case of obese persons the in- 
crease of the vessels and the distance for the blood to travel 
make the heart pump harder. Tight clothing directly in- 
terferes with the circulation. All these cause fatigue. Age, 
sex, climate and seasons also have much to do with the 
circulation of the blood, and therefore with fatigue. 


ACCUMULATION OF WASTE CAUSES FATIGUE. 


The third great cause of fatigue is poisoning by ac- 
cumulated waste in the muscles or poisoning by toxic sub- 
stances. This accumulation may be due to too rapid forma- 
tion of the products of waste, or it may be due to the inability 
of the blood or system to carry away the waste products. 
If the nerve of a muscle is constantly stimulated, the mus- 
cular contractions become smaller in extent and finally 
cease. The muscle is then said to be fatigued. The sugars 
and glycogen have been burned, producing energy and leay- 
ing as wastes carbon dioxide and lactic acid. Unless 
eliminated these materials act as poisons. 

When a muscle is fatigued there is more, however, to 
be considered than the local poison. The products of 
fatigue pass into the blood and poison all parts of the body, 
including the nervous system. The question has been 
carefully studied by a number of able and well-known in- 
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Fic. 1.—Mosso’s ergograph for measuring fatigue. 
(Courtesy of G. P. Putnam’s Sons.) 

vestigators. Special mention should be made, in the chrono- 
logical order of their investigations, of those by Ranke and 
Helmholtz and Mosso and those by Professor Lee of Colum- 
bia University, whose more recent investigations have shed 
much light upon the intricate problems connected with 
this subject. 

It has been shown by Mosso; late professor of physiology 
in the University of Turin, that the introduction of the 
blood of a fatigued animal into the circulation of one not 
fatigued will give rise to all the symptoms of fatigue in the 
normal animal. Mosso devised an instrument called the ergo- 


Fic, 2.—The registering runner of the ergograph. 
(Courtesy of G. P. Putnam’s Sons.) 
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graph. (See Figures 1 and 2.) In this instrument the arm, 
the hand and all the fingers but one are held, and the free 
finger rapidly lifts a weight over a pulley. A marker moving 
over a smoked surface registers the height to which it is 
raised. Experiments carried on in these ways show that the 
state of the brain, the central nervous system, as well as the 


Fic. 3.—Apparatus for registering contractions of electrically stimulated 
muscle. (Courtesy of Professor F. S. Lee.) 


condition of the muscles, are important factors in fatigue. 
The poisons produced diminish the power to send out 


nervous impulses. 
Experiments on muscles removed from animals and 
stimulated by an electric current are also made and the re- 


sults are recorded. (See Figure 3.) 


Drivnkinc oF Water LESSENS FATIGUE. 


Perhaps no means of lessening fatigue is of more im- 
portance than a proper supply of drinking water. The 


246 AMERICAN IRON AND STEEL INSTITUTE, MAY MEETING 


products of waste, carbon dioxide and lactic acid, are taken 
up by the fluids of the body and carried to the lungs 
and kidneys for elimination. The accumulation of waste 
products is often due to insufficient use of drinking water. 
It has been noticed in the army that the man who falls from 
heat stroke is the one whose canteen is empty. 

Poisons that are very dilute have as a rule but little detri- 
mental effect upon the system. The most powerful acids if 
sufficiently diluted with water are no longer caustic. And 
self-generated poison in the body will, if sufficiently diluted, 
probably have less effect. 

Some years ago in my service at Fordham Hospital, a 
number of cases of typhoid fever under my direction were 
given an average of 120 cubic centigrams of a normal 
salt solution in a vein. The effect almost invariably was 
to reduce the temperature of the patient to normal; and 
patients so treated progressed, as a rule, favorably toward 
recovery. 

It would seem reasonable to suppose that the beneficial 
effects of the saline solution were produced in two ways: 
first, by dilution of the poison; second, by increased elimi- 
nation by the skin and kidneys. The danger of destroying 
living cells and tissues by high temperature and by the toxin 
of typhoid was thus largely eliminated. This is one illustra- 
tion of the importance of having in connection with every 
plant a proper water supply. 

Some caution, however, is necessary. Water is not 
readily absorbed in the stomach but passes quickly into 
the intestines. If water is too cold, it is retained for a 
longer time in the stomach and its benefits are not so 
quickly felt. Sometimes if water is too cold it brings on 
cramps, and sometimes if too large a quantity is taken it 
is rejected. So the water supply for drinking purposes 
must not only be pure in quality and ample in quantity, 
but it must be kept at the proper temperature. 


Cotp SHowers Lessen Faticuer. 


Not only internally but also externally water plays a 
part in lessening fatigue. So the benefits derived from 
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general bathing should be mentioned. These have been 
recognized for many centuries, and the therapeutic use of 
the bath is as old as the art of medicine itself. The public 
baths of the Greeks and Romans were a prominent feature 
of their civilization. Recently hydrotherapy has received 
much study and has become more of a science. The 
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Fic. 4.—Normal fatigue curve. (After Vinaj.) 
Fig. 5.—Fatigue curve of same after work. 
Fic. 6.—Same after cold douche, showing restoration to normal. 


capacity of water for heat makes it valuable for use in ex- 
tracting heat or in applying heat. 

As the skin covers a network of blood vessels and nerves, 
water can be used to affect a physical reaction. 

In general, the application of cold causes the blood 
vessels to contract and heat causes them to dilate. Such 
stimulation of the skin affects not only the surface of the 
body but also the nerves and blood vessels of the whole 
system. And stimulation of certain areas of the skin affects 
directly certain internal organs. Such stimulation of the 
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skin influences both the voluntary and the involuntary . 
muscles. Experiments upon the human body, recorded 
by the ergograph, have proven that in general cold applica- 
tions increase resistance to fatigue and that they restore efh- 
ciency for work to a muscle already fatigued. (See Figures 
4-8.) This increase in muscle tone produces a redistribution 
of the blood in the body. Conversely experiments show that 
a warm bath lessens efficiency. (See Figures 9 and 10.) 

By means of shower baths the skin is mechanically stim- 
ulated by the striking drops. This combined with thermic 
influence increases the effect of the bath upon the heart and 
respiration. It also affects metabolism. It increases the 
production of animal heat. The heart action is increased 
in force. The secretion of the skin is diminished. It in- 
creases the urine and other internal secretions. Examina- 
tion of the blood shows certain changes in the elements of 
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Fic. 7.—Normal fatigue curve of the hand. (After Maggiora and Vinaj.) 
Fic. 8.—Normal fatigue curve of the hand after a, slowly cooled bath. 


the blood itself. Thus water, through the skin, affects 
secretion, excretion and the heat regulating function. 

Shower baths may, therefore, be used to eliminate more 
rapidly the products of waste, to promote secretion, to re- 
lieve fatigue, to restore the normal functions to various 
organs of the body, to restore the body temperature to the 
normal, and to produce a redistribution of the blood when 
there is congestion in any one part of the body. 
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Fic. 9.—Normal fatigue curve. 
(Courtesy of Dr. J. H. Kellogg.) 


Hear anp Humipiry Arrect Bopy TEMPERATURE. 

Everyone knows that on a hot, humid day, a man is 
much less efficient than on a cool, dry day. The reason for 
this, however, has only recently been shown by scientific 
investigation. Ordinarily body temperature is maintained 
at a fixed level with but little deviation. The control of the 
production of heat and the regulation of its dissipation rest 
primarily in the brain and nervous system. On hot days 
when there is excessive humidity, the body temperature rises. 
Rise of temperature may occur in three ways: Heat produc- 
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Fic. 10.—Fatigue curve, same subject, after a hot bath. 
(Courtesy of Dr. J. H. Kellogg.) 
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tion may increase while heat loss remains constant, or heat 
production may remain constant while heat loss may be di- 
minished, or heat production may increase while heat loss 
diminishes. ‘There is increase of heat production after the 
absorption of a full meal. Muscular work also increases 
heat production enormously. 

In general, heat production results from the combination 
of oxygen with carbon and hydrogen, forming carbon dioxide 
and water. In other words, oxidation is the source of heat 
production. 

On exposure to external heat the blood vessels of the skin 
become dilated and the sweat glands become active. 

By radiation, by conduction, and by the evaporation of 
water, there is loss of body heat from the skin. Heat is also 
lost by the moisture of the breath. When there is much 
humidity, sufficient to prevent evaporation of sweat and 
the elimination of the heat which is constantly being pro- 
duced within the body, the internal temperature rises and 
fever results. The elimination of heat by the breath also 
depends somewhat on humidity. Dr. Denison, of Denver, 
has shown that fully eight ounces more water is lost by the 
breath during twenty-four hours in Denver than in New 
York. And according to my own experience and observa- 
tion in Arizona, this amount is increased in that drier climate. 
Conversely, on a humid day we do not eliminate as much 
moisture by the lungs. Heavy clothes preventing evapora- 
tion from the skin increase this rise of temperature. 

Observation of those who work in heat and excessive 
humidity shows that they soon pass into a condition of 
fatigue. That is, fever produces a condition of fatigue. 
This fatigue which comes from fever is brought about by the 
energy-forming materials in the muscles being burned up 
rapidly and the poisonous products of such combustion 
accumulating within the body. And, what is of great im- 
portance, if there is not a sufficient amount of carbohydrates 
for use there is destruction of protein material similar to 
that found in excessive work, due to the direct action of high 
temperature. In addition, the blood is drawn to the sur- 
face of the body, leaving the brain, the spinal cord, and the 


WHAT CAUSES FATIGUE?—DARLINGTON 251 


internal organs correspondingly anemic. This lessens the 
normal impulses to the muscles, and in itself will give a tired 
feeling. 

Other poisons besides those generated in the muscles 
produce fatigue. Fermentations in the intestinal canal pro- 
duce poisons which have a fatiguing effect. Thus indol, and 
possibly other substances, have been proven to induce 
fatigue. (See Figure 11.) Indol is found in the large intes- 
tine as the result of bacterial putrefaction. It is eliminated 
in part from the bowels; but is in part absorbed in the blood 
and subsequently eliminated in the urine, in the form of in- 


Fic. 11.—The upper record shows the normal fatigue curve of a muscle. The 
lower record shows the fatiguing effect of indol. (This illustration has 
never before been published and is shown here by the courtesy of Pro- 
fessor F. 8. Lee.) 


dican. As indol is produced by the fermentation of certain 
kinds of albuminous foods, diet is again an important factor. 
That the products of waste in the intestinal canal should be 
rapidly excreted is self-evident. 


Errect oF Lack oF SLEEP. 


Sleep is the period of repair and growth, the time when 
the building up process exceeds the breaking down process. 
During sleep less carbon dioxide is eliminated and less oxygen 
is absorbed. Experiments upon dogs show that if starved even 
for several weeks they will recover, but that they die from loss 
of sleep in five days. Loss of sleep is much more damaging 
than starvation. Loss of sleep is a common cause of fatigue. 

Thus badly ventilated rooms, and over-heated rooms in 
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summer, crowding of rooms, with noise and other discom- 
forts, and the hours of sleep are matters requiring careful 
consideration by those who employ 
labor. 


Fatigue Lessens RESISTANCE 
To DISEASE. 


One of the most important re- 
sults of fatigue is that it lessens 
resistance to disease. It has been 
shown that after the death of an 
animal from fatigue the body under- 
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Na el goes rapid putrefaction. Clinical 


experience and experiments on ani- 
mals (see Figure 12) have shown 
that people who are fatigued are 
much more subject to contagious 
and infectious diseases. 


CONCLUSION. 


id. 12. = Opnanies aude “at If a muscle is fatigued from too 
a rabbit, showing lowered Yrapid movement or from too long 
ee Be mee ee continued use, or if it is pushed in 
F.S.Le) ~~~ US@ When it is already fatigued, 

changes take place which affect the 

protein of the muscle and it is long in recuperating. After a 

double task, muscle requires four times as long as normal to 

‘recover. Work that is too hard and too long continued is 

harmful. Ambitious workmen doing piece work will some- 

times produce this result by speeding beyond the limits 

which nature prescribes. (See Figure 1) 

But we must not charge to work what is properly charge- 
able to other causes. Ordinary tiredness resulting from 
proper effort is not harmful but. beneficial, enabling us to 
enjoy and digest our food and obtain rest and recuperation 
from sleep. Work in itself is a joy and a blessing. It pro- 
motes longevity. As a rule people who work hard are not 
troubled with either indigestion or insomnia. Sound and 
true is the saying of Ecclesiastes, ““The sleep of a labouring 
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man is sweet, whether he eat little or much; but the abun- 
dance of the rich will not suffer him to sleep.”’ 

Showerbaths and other methods of relieving fatigue 
should not be installed to spur men on to work when they 
ought to rest. Showerbaths are especially for use at the end: 
of the day, to promote recuperation. They are, as a rule, 
not to be used during the day except under medical advice 
and direction. 

The aim of employer and employee alike should be to do 
away with improper causes of fatigue, to the end that the 
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Fig. 13.—Curves showing that rapidity of work beyond a certain point 
quickly produces fatigue. (Courtesy of Professor F. S. Lee.) 


workman may, in the interest of all concerned, do the best of 
which he is capable, thus growing in strength and in the 
power to achieve. 

The conclusion is that both fatigue and efficiency depend 
upon the fundamentals of hygiene more than upon exercise 
alone, and that our aim should be, to use the words of 
Professor Lee, ‘‘to make of labor a physiological rather than a 
pathological exercise.” Thus shall we be able to obey the 
injunction of the apostle Paul: “Quit you like men, be 
strong.”’ In the language of Maltbie Babcock, 


We are not here to play, to dream, to drift; 
We have hard work to do and loads to lift. — 
Shun not the struggle; face it. °Tis God’s gift. 


EVENING SESSION. 


IN WHAT DIRECTION IS TECHNICAL EDU- 
CATION TENDING? 


FREDERICK CRABTREE 
Carnegie Institute of Technology, Pittsburgh, Pa. 


The following comments are offered on the question sub- 
mitted by Mr. James A. Farrell, Chairman of the Committee 
on Arrangements for this meeting: “In what direction is 
education tending in the training of men for the technical 
professions? Is it toward specialization, or toward ground- 
ing in the broad sciences?” . 

An adequate answer to such a question requires some 
elaboration. A brief consideration of what is meant by the 
terms ‘‘technical profession” and ‘“‘technical education’’ 
emphasizes the great diversity of aims and methods em- 
ployed in the many technical schools in this country, not to 
mention those in England, Germany, France and Sweden. 
There are not only the older, well known institutions— 
Rensselaer, Massachusetts Institute of Technology, Co- 
lumbia, Lehigh, Stevens, Purdue, Sheffield Scientific School, 
Michigan, etc.—but a host of younger competitors, especially 
among the various state colleges and universities, all offering 


engineering courses more or less similar in type, but with 
multitudinous variations. 


VARIATIONS IN CouRSES. 


Then there are a number of schools offering courses more 
or less technical in their nature but briefer and less ambi- 
tious than the regular engineering courses. Technical train- 
ing might possibly be understood to include not only the 
four-, five- or six-year engineering training, but also some of 
these briefer courses for which there seems to be a logical and 
legitimate place. Every industrial community has need of 
a large number of men who have received a training some- 
what less elaborate on the theoretical side than is furnished 
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by a four-year engineering course, but with considerable 
mathematics, mechanical drawing, shop practice and some 
collateral branches. In fact, it is quite possible that there 
may be need for more, men of this type than for capable 
engineers. They would not usually be classed as being of 
professional rank, however. 

Again, there is a natural, radical difference between 
undergraduate work and postgraduate work; and what 
might be true of the one might possibly not be true of the 
other. Postgraduate work in engineering would naturally 
be expected to show intense specialization, and to furnish 
a considerable proportion of the research work which is 
essential to the development of engineering science. The 
number of postgraduate students is growing, especially at 
the best known schools. However, the proportion of students 
taking postgraduate courses will continue to be small—at 
present it is, I believe, less than three per cent. of the student 
body—and its bearing on the general tendency of technical 
training as a whole is of minor importance. It may be men- 
tioned, however, that the requirements for advanced degrees 
indicate a broadening tendency. Eliminating, therefore, the 
postgraduate school as affecting only a small percentage of 
students, and the intermediate school, which, though des- 
tined to fill an important field, will not attempt to turn out 
professional men, as a rule, we have left for consideration 
the undergraduate scientific or engineering school. 


LENGTHENING ENGINEERING COURSES. 


During the past few years there have been much thought 
and discussion as to the advisability of lengthening the engi- 
neering courses. Teachers frequently feel that the graduat- 
ing students have not acquired as much knowledge as they 
should have. Sometimes demands are made for men more 
thoroughly trained in certain special lines. Some employers 
seem to expect a technical school graduate to know every- 
thing or to be able to solve almost every kind of problem. 
In spite of stringent entrance requirements, many students 
enter our technical schools with such limited capacities, in 
many cases with such radical weaknesses due to preliminary 
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training; there are so many subjects with which it seems 
desirable they should be acquainted; and four years is such 
a pitifully short time in which to develop the knowledge and 


qualities that an engineer is expected to possess, that it is > 


only natural that to many it seemed advisable to require five 
years instead of four for the regular engineering course. 

There has been considerable criticism to the effect that 
technical graduates were disappointing—were failing to suc- 
ceed in the higher positions of the industries—because of their 
narrowness of view, their lack of the sense of proportion, their 
failure to grasp the importance of commercial points of view 
as well as the technical aspects. Therefore a broader gen- 
eral training was demanded; and the most obvious means 
of getting this seemed to be the addition of another year to 
the school life. Concerning the advisability of this there is 
a great diversity of opinion. By many it is felt that even 
the four-year course seriously delays the young man’s entry 
into the field of productiveness and self-support. So able 
and broadminded a man as President Humphreys said: 


I am opposed to any such innovation as the five- or six- 
year courses. Generally speaking, it is absolutely opposed 
to practical success of the engineer. We have arrived at a 
length of course of four years, and I think that after four 
years devoted to a thorough and careful study of the funda- 
mental principles of engineering science, a man can go out 
pretty well trained in these fundamentals. He will have to 
specialize, to be sure, for no man can at this day and age 
of engineering cover the whole field. He must specialize, 
but he should specialize chiefly after he graduates. He has 
got to supplement his college training with constant study 
to t e day of his death, if he is going to be of real value to 
his profession. 


On the other hand, strong arguments have been advanced 
for the longer period, and a large number of schools have 
strongly recommended a five-year course, even while not 
‘requiring it. Among these may be mentioned such repre- 
sentative institutions as Harvard, Yale, Cornell, Columbia, 
Massachusetts Institute of Technology, Universities of Michi- 
gan, Minnesota, Wisconsin, Missouri, Iowa. Most of these 
still offer Bachelor’s degrees for four-year courses. 
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Some TyPpicaL OPINIONS. 


It is noticeable that in most cases the impelling force 
which led to the consideration and adoption of these longer 
courses was not the desire to add more intense specialization, 
or to give much more time to advanced engineering work, but 
rather to increase the time allotted for general studies. The 
attitude at Massachusetts Institute of Technology may be 
~ taken as representative. Several years ago Acting Presi- 
dent Noyes said, in his annual report: 


I wish, however, to call your attention to the new five- 
year undergraduate courses which have been arranged for. 
The Faculty has taken this action in order that students 
who can afford to spend an additional year may realize that 
it is highly important to do so, if they wish to secure in full 
measure the advantages of the combination of liberal edu- 
cation, scientific training, and professional knowledge which 
the Institute offers. 

These courses are of three types. In one of these the 
student supplements all the required work of one of the 
regular four-year courses with the equivalent of an extra 
year of study in language, literature, fine arts, history, eco- 
nomics, and in the fundamental sciences of chemistry, phys- 
ics, astronomy, geology, and biology. These additional gen- 
eral studies are entirely elective. This plan of study thus 
provides in large measure for the breadth of scholarship 
which a college course is designed to supply; but it does this 
by the methods and in the atmosphere of the scientific school 
and with special emphasis upon general scientific studies as 
a part of a liberal education. Upon students who complete 
such a course is conferred the degree of Bachelor of Science 
in two departments of study, namely, in General Science 
and in that branch of engineering in which the professional 
work has been completed. 

The range of such elective studies of a liberal character 
which the Institute offers to its students is an extended one; 
and only in one direction does this side of our work seem 
to need strengthening. We have, unfortunately, no courses 
‘of lectures on philosophy, psychology and ethics; and I 
~ would again bring to your attention the desirability of hav- 
ing a professorship of these important subjects established 
at the Institute, either through a special endowment or 
through direct provision for the necessary salary payments 
through a period of years. 
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Columbia University said in her catalogue: 


Under the terms of the new program students entering 
the Schools of Applied Science with advanced standing, 
through Columbia College may receive both a collegiate 
and a professional degree in five, five and a half, or six years, 
depending on the capacity of the student. This com- 
bined course is strongly recommended, for the reason that 
engineers and chemists, as professional men, need the liberal 
training offered by a collegiate course quite as much as do 
lawyers, physicians, or clergymen. 


However, for the great majority of men, the four-year 
course will be and ought to be the maximum, and it is the 
tendency of that course with which we are more concerned. 
There can be no doubt as to the general feeling that for a 
number of years the engineer’s training had been too narrow, 
and that what was needed was greater breadth. Educators 
are perhaps seeing more clearly that the function of the school 
is not to furnish a man with a lot of information about some 
particular science or industry or line of engineering work, but 
rather to develop powers of observation, of reasoning, of corre- 
lating facts, and of applying the-fundamental laws of nature 
to the solution of every kind of problem that may arise. The 
school alone does not make a man an engineer. Therefore, 
the committee appointed by the Society for the Promotion 
of Engineering Education to consider degrees wisely recom- 
mended that the four-year course should lead to a degree of 
Bachelor of Science, and that the degree of C.E., M.E., etc., 
be given only after three years of successful experience in the 
chosen line. It is to be regretted that a number of institu- 
tions are very slow about adopting this recommendation. 

A few quotations from various addresses or discussions 
before the Society for the Promotion of Engineering Educa- 
tion will illustrate the feeling among the leading educators 
as to the qualifications desirable in engineering graduates, 
or as to the purposes of the engineering courses. 


Prof. G. F. Swain, of Harvard, said: 


While the main difficulty, in my opinion, lies with the 
student himself, and with his parents, there is undoubtedly, 
in most cases, Just room for criticism of the teaching in our 
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schools. Among the defects commonly found, a few may 
be mentioned: | 
__1. There is too great prevalence of courses which are 
information courses only, and a lack of realization on the 
part of the teacher that his main object should be to teach 
the student to think. We may well reflect upon Locke’s 
statement that the objects of education in their relative 
rank are as follows: (1) virtue, (2) wisdom, (8) good breed- 
ing, (4) learning. 

Learning—to which we must confine our attention— 
placed last. And even with reference to learning, we often 
misplace the emphasis. The student must of course be 
taught many facts, but the main emphasis should be laid 
upon the use which is made of the facts. Logical thinking 
is the main object. If the student gains this, he can reason 
upon new facts, and upon any subject; if he does not he 
simply uses in a rule-of-thumb way the few specific facts 
which he has learned. 

Moreover, we have begun to realize that the object of 
technical education is not primarily to train a man to be a 
good engineer. It is not primarily to train him to be suc- 
cessful in his profession, but is something broader and bigger 
than that. The object of education is to train a man to 
make the most of his life and to lead the very best and most 
useful life that is possible for him. 


President A. J. Humphreys, of Stevens Institute, said: 

At Stevens our course is so designed as to give that very 
breadth of understanding and appreciation. It is planned 
to give the undergraduates that much-needed appreciation 
of that which can be obtained from the outside as well as 
that from inside the college. I distinctly believe that the 
effect of keeping a man too long in college is to narrow him. 


Dean Tumeaure, University of Wisconsin, said: 

On the one hand, no training can be too thorough, no cul- 
ture too broad for the real professional engineer. His position 
demands the greatest breadth of view, the wisest judgment 
of men and the most thorough knowledge of engineering 
principles. He must be an educated man in the best sense 
of the word; his preparation must be as thorough as that 
required in any of the learned professions. 


Prof. Geo. H. Shepard, Syracuse University, said: 


Another ideal that requires clear definition is whether 
the college is to give broad general grounding in the funda- 
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mentals of engineering, or is to give a highly developed, but 
narrow, education in some specialty. The former is becom- 
ing more and more recognized as the proper ideal of the 
undergraduate courses, the second being reserved for grad- 
uate specialists. 


AGREEMENT As To OBJECT. 


It is evident from these quotations that these men, who 
may be taken as representative leaders of the educational 
movement, agree as to the object to be attained, though 
differing more or less as to details of methods for attaining 
that object. The five-year course offers the easier solution 
of the problem, perhaps, from the teacher’s point of view. 
But as the great majority of students will take only the four- 
year course, the more difficult task must be undertaken of 
trying for the best result in that time. 

How then, shall the time be divided? Much of an in- 
crease in entrance requirements seems to be out of the 
question. With the present standard of entrance require- 
ments any considerable specialization can be obtained only 
by restricting the work to a very narrow range, which would 
make the graduate one-sided, and greatly limit his field of 
usefulness. To give a fairly thorough training in the funda- 
mental studies, such as mathematics, physics, general chem- 
istry, mechanics, and drawing, and to give such a reasonable 
introduction to electro-technology and elementary mechani- 
cal and civil engineering as is indispensable, requires so much 
of the time that comparatively little is left to divide between 
general studies and specialization in any particular field of 
engineering. ‘To leave out the general studies is, as we see, 
undesirable. The only alternative, then, is to give a certain 
amount of them and attempt only a brief, clear introduction 
to the special engineering fields—civil, electrical, mechanical, 
chemical, metallurgical, ete. 

The student would generally prefer the intense specializa- 
tion and would elect it if given the opportunity; but the trend . 
of opinion now is, I believe, against this. When the student 
enters the mill or shop, taking his place in the industrial or- 
ganization, he must specialize—and specialize thoroughly. 
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He can then do it to advantage. No amount of time spent in 
a technical school laboratory alone will make a man a good 
blast-furnace man, a skilled steel maker, a competent roller, 
or bridge builder, or superintendent of electric plant. Ac- 
tual experience in commercial operations is essential, and it 
is only by this that a man can thoroughly master the details 
of any important line of work. Therefore, for the great 
majority of men the logical time for intense specialization 
is after they have entered commercial life and have found a 
congenial niche in the industrial organization. 

The foregoing remarks indicate the theory on which the 
leading schools are now working. It does not follow, of 
course, that all, or even a majority, of the graduates are 
going to be high-grade engineers or give perfect satisfaction 
to employers. The technical school cannot always counter- 
act the effects of all of the boy’s previous training, including 
his home life. All that can reasonably be expected is that 
it will develop as much as possible the latent abilities of the 
young man, train him in efficient, scientific methods and 
habits, and afford him a basis upon which he can build his 
own engineering ability. Success must come through his 
own energy, perseverance, tact, and ambition. These the 
school cannot put into him. 


GERMAN TECHNICAL SCHOOLS. 


The foregoing applies to conditions existing today in 
American schools. Perhaps a brief reference to German 
technical schools may not be out of place. The general testi- 
mony is that the graduates of the German technical schools 
are more thoroughly prepared than are ours. Two factors 
probably account for this: the students enter the technical 
schools at a more mature age—frequently after a year’s 
experience at some industrial plant; and they also enter with 
a fuller and more thorough preparation. To bring our 
schools on a par with the German schools in these two re- 
spects would result in revolutionary changes, in that it would 
greatly reduce the number of students, and would, for the 
present at least, require at least a year’s extra preparation, 
probably at a private preparatory school. The following 
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remarks by Prof. Geo. H. Shepard, of Syracuse University, 
may be quoted: 


At the same time, the German course is in some ways 
more specialized than ours. ; 

Thus at Charlottenburg, in the regular mechanical 
course, each student designs one gas engine or one piston 
steam engine or one steam turbine, one machine tool or one 
hoisting engine, and one water turbine. To take an extreme 
case, suppose that a student should elect to design one com- 
pound stationary steam engine, one hoist driven by simple 
steam engines, one water turbine, and as his diploma task, 
which is completely elective, one triple expansion marine 
steam engine. Such a student would have acquired a large 
amount of practice in the design of the piston steam engine 
but would be completely lacking in designing experience on 
internal combustion engines, steam turbines and machine 
tools. 

At first thought such close specialization is very attrac- 
tive. . . . The trouble with close specialization on the part 
of the undergraduate is that his future opportunities can 
seldom be foreseen. 


The school courses in any country must be profoundly 
affected by its social and commercial conditions. In these 
respects Germany differs radically from this country, and 
therefore our school system might reasonably be expected 
to differ from that of Germany. The following remarks by 
Mr. Frank Koester bear testimony on this point: 


The standing of the American engineer in his profession 
and in the community cannot be compared with that of the 
German engineer in his country, and we need not seek very 
far for an explanation. All education receives proper recog- 
nition in Germany, and the engineer is placed on a social 
plane with the doctor, the lawyer, the army officer, etc. His 
compensation, as compared with that of mere mechanics, is 
proportionately higher than in this country, so that he is 
naturally able to occupy a higher plane. 

It is a common practice to engage even assistant engineers 
for terms ranging from one to five years, whereas in America 
the unjust practice prevails of laying off such employees as 
though they were mechanics or laborers, practically without 
notice, and as soon as the important engineering work is 
completed. One prominent concern is known to have laid 
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off about 100 men on a Christmas eve without giving any 
notice whatever. It is therefore not surprising that a great 
many well trained engineers drop their profession at the age 
of thirty years and enter upon vocations in which they may 
be assured of greater returns. In Germany the conditions 
incline the engineer to stick to his post through life, and the 
engineering concerns and manufacturers reap the benefit of 
his accumulated experience and knowledge. 


These remarks go far toward explaining why the German 
technical schools can start with pupils more thoroughly pre- 
pared and at a more mature age than can be expected in this 
country, and why intense specialization may be more de- 
sirable there than here. 

In conclusion, it may be said that probably no school or 
faculty feels that its curriculum has reached a permanently 
satisfactory stage, or that the limit of efficiency has been 
reached in training men for technical professional work. 
Criticisms and suggestions are always welcome. At present 
a joint committee, including representatives of all the na- 
tional engineering societies, is studying the entire field of 
industrial and technical education, in order to prepare recom 
mendations for improvement. Equally desirable would be 
advice from men of broad business experience, such as are 
represented in this Institute. 


IN WHAT DIRECTION IS TECHNICAL 
EDUCATION TENDING? 


JouHn McLrop 
Assistant to the President, Carnegie Steel Co mpany, Pittsburgh, Pa. 


After listening to the paper just presented by Prof. 
Crabtree I believe we all feel that the tendency of technical 
education as given by our schools and universities, up to and 
including the undergraduate course, is toward a broad foun- 
dation in knowledge, rather than toward specialization. The 
author has given this as his opinion, which he has supported 
with the opinions of other prominent educators. 

In opening a discussion of this paper I feel like having 
it take the course that will lead to the members taking an 
interest in those phases of this question that may have an 
important hearing on the future of the steel industries of our 
country. “ 

Unquestionably the foundations of a technical education 
should be broad, and made of the very best materials possi- 
ble; and the building of this foundation should require all 
the time and the best efforts of our educators up to and 
through the undergraduate course. Specialization should 
come through the channels of the post-graduate course. 

The author of this paper has left me with the impression 
that there is some uncertainty in the minds of our educators 
as to the proper treatment of the post-graduate course. So I 
deem it advisable to discuss this phase of the question dealt 
with in the paper. 

Education naturally divides itself into the work done by 
the undergraduate, and that done by the post-graduate : 
the undergraduate work having to do with the foundation 
building, the post-graduate work having to do with the 
building and embellishing of the ultimate structure. 

_ We may not be competent to advise as to the best 
method to pursue in the handling of post-graduate courses 
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at our colleges and universities; but since the undergraduate 
courses produce the vast majority of the young men who 
come to us from schools, colleges and universities, why 
should we not, as employers of these young men, treat the 
school of Life as the real post-graduate school? 

I call your attention to the fact that I am discussing this 
paper from the standpoint of its relation to the steel in- 
dustries. 


BuitpInc Up AN ORGANIZATION. 


About two years ago I was asked by the president of one 
of our large corporations whether I did not think it was quite 
as important to have a depreciation account for organiza- 
tion as to have such an account for plant. His elaboration 
of the question brought out the fact that he was fearful that 
the superintendents possibly hesitated to take any advanced 
steps toward improvements in our methods of building up 
our organization because of being fearful that they might 
be misunderstood and criticised. He felt that there was a 
necessity for executive departments to take such steps as 
- would lead to taking at least as much care with the young 
men who come to us as we take with the products we receive 
from the mines and factories. 

This suggests the question, Are we leaving too much 
to chance in organization building; and are we more careful 
with our plants and the materials that go with them than 
we are with these young men from the schools and colleges 
who come to us and who represent the raw material out 
of which we expect to build our future organization? 

We certainly put forth every effort in building and main- 
taining plant. The real estate is very carefully selected as 
to location, having in view the inlet for our raw materials, 
and the outlet for our finished products; at the same time 
taking care to have the opportunity to adjust all the details 
of the plant itself with a view to maximum efficiency. All 
the details in buildings, machinery, track systems and ap- 
paratus of all kinds are placed under the observation of the 
very best experts we have before the final selection is made, 
in order that we may obtain the very best for the purposes 
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intended. The same care is used in the selection of mate- 
rials entering into this plant construction. After the plant 
is completed it is placed in the hands of skilled operators 
and every detail is placed under the closest observation of 
the best masters in the mechanical field. 

All the materials we receive are watched with the greatest 
care by competent men who are assigned to that task. We 
have our blast furnacemen’s committee, open-hearth com- 
mittee, chemists’ committee, all for the purpose of conserv- 
ing plant and materials and obtaining from them the maxi- 
mum amount of efficiency. In fact, everything that is 
possible for ingenuity to conceive or money to buy is em- 
ployed for the benefit of plant and its operations. 

All of these questions have to be taken care of by the 
men of our organization. You can, therefore, see how neces- 
sary organization is to the real usefulness of plant. We 
know how much time is spent on organization; and we also 
know how difficult it is at times to find the proper men to 
fill the different positions left vacant by removals to other 
spheres of usefulness, or the new positions created at times 
for new lines of work. This question causes as much con- 
cern to our executives as any question that is placed before 
them for consideration. Our mill managers, the heads of 
departments, are alive to the importance of this question 
and all are giving it their constant attention. 

Let us ask ourselves the question, ‘Are we taking the 
best course possible in handling the young men who come 
to us from the schools and colleges?”’ They are not all col- 
lege graduates. Some of them come to us from the grammar 
schools, high schools and preparatory schools; but they al] 
need some kind of a post-graduate course before they can 
properly be adjusted to our line of business. 


CORPORATION SCHOOLS. 


In the more or less recent past there has grown up among 
a number of the corporations of our country a very great 
interest in the subject, the results of which are reflected in 
what we now call Corporation Schools. The work done by 
these schools is divided between the young men who have 
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the best foundation in education and those who come from 
the lower grades and have not been fortunate enough to have 
been given the opportunity to complete the foundation. 

These corporation schools have formed themselves into 
an association known as the National Association of Corpora- 
tion Schools. The corporations interested in this line of 
work are members and are represented by their employees, 
whose duty, or a part of whose duty, it is to take care of 
this line of work for them. The motive of all these Corpora- 
tion Schools with which I am at all familiar is to adjust the 
knowledge obtained at the school by the young men to its 
application in factory and railroad operations. 

The company with which I am connected has started a 
school where a selected number of young men will be given 
a two years’ course in the process of steel making. This 
course consists of six months at the blast furnace, six months 
at the open-hearth furnace, and one year in the semi-finishing 
and finishing departments in our rolling mills, together with 
other details, such as inspection, transportation, etc. These 
men are under the observation of the proper parties at our 
mills who have been assigned that duty. Records are kept 
of the performance of these young men, and copies of these 
records are placed with the chief of our Bureau of Instruc- 
tion for reference when needed. 


Mersops aND MOorTIVES OF CoRPORATION SCHOOLS. 


The chief of our Bureau of Instruction will call these men 
together from our several mills at stated intervals. The 
object of these meetings is to make sure that none of these 
men are missing any of the essentials in the course they are 
taking. Papers will be prepared by them on the various 
questions of interest connected with this course, and the 
usual discussions of these papers will follow. 

The motive of this course is to give an opportunity to 
those young men to develop for themselves the department 
of steel making for which they may be peculiarly fitted. 
While taking this course they are made a part of the per- 
sonnel of the department in which they are working, and 
they are subject to the regular discipline of the department 
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the same as the other workmen with whom they are associ- 
ated. After taking this course they can be assigned to the 
department for which they are best suited. And we feel 
they will be more valuable to that department because of 
their general knowledge obtained during their two years’ 
experience under careful supervision. 

There is another phase of that subject that is post-gradu- 
ate in its nature. How careful should we be with those 
young men who come to us with a rather indifferent founda- 
tion in education! We have sometimes what we might call 
indifferent raw materials of other kinds, but we put them 
under the close observation of our best experts in order to 
determine whether it is not possible to bring them within the 
sphere of usefulness. When these young men who are in- 
differently prepared, come to us why should we not profit- 
ably put them under intelligent observation to get from 
them the maximum good? 

It will be seen that the post-graduate we is being con- 
sidered by the employers of the products of our schools and 
colleges. And we certainly want educators to feel that we 
have a vital interest in their educational work, and that we 
invite their aid in helping us direct our efforts in obtaining 
the very best possible results for the young men and for 
ourselves. 

I call your attention to the closing paragraph in Pro- 
fessor Crabtree’s paper, wherein he tells of a joint com- 
mittee, including representatives of all the national en- 
gineering societies, that has been appointed to study the 
entire field of industrial and technical education. He also 
invites advice from you gentlemen who represent one of the 
largest, if not the largest, of the enterprises of our industria] 
life. I can see in his closing statement an opportunity for 
the employer and the educator to get together for the com- 
mon good. 

This subject is a most interesting one and the efforts 
that are being put forth looking to improvements in methods 
should lead to more intelligently directed, and conscauaatly 
more useful, lives. 


— = = f 


= - = 


IN WHAT DIRECTION IS TECHNICAL EDU- 
CATION TENDING? 


Henry M. Hows 
Professor of Metallurgy, Columbia University, New York. 


It would be hard to overvalue the plan which Mr. 
McLeod has disclosed. 

Professor Crabtree is right, I believe, in holding that 
technical teachers are moving in the direction of becoming 
educators, and laying more stress on giving a broad foun- 
dation of general principles and less on specialization. 

The philosophy of each philosopher is the aspect of the 
universe from his individual point of view, and the opinion 
of each educator as to education represents his own bias, 
the resultant of his natural way of thinking and of his life’s 
environment. The diffuse Jones, a natural administrator, 
looking at life from the standpoint of an administrator, of 
the man of many and diffuse simultaneous tasks, overvalues 
administration and the preparation for administration, and 
undervalues and too often ridicules its opposite, the power 
of concentration and speculation, that power through which 
alone can difficult and complex problems be solved, the 
power of shutting out from the mind for hours everything 
but the little set of elements of the present problem, of living 
and sleeping with the problem till its solution flashes forth. 
These are two extremes, the diffuse administrator and the 
self-concentrating speculator. Those of each class over- 
value their own class and undervalue the other. Industry 
needs not only these opposite types, but every possible 
shade of man between these two extremes. To say ‘‘This 
length of course is the best”? means only “‘It is the best for 
turning out the particular kind of man that I have promi- 
nently in my mind.” 


Ler Us Avorn PRocRUSTEANISM. 


You remember Procrustes, who made his bed fit every 
traveler by lopping off the tall ones’ legs and stretching the 
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short ones on a rack. Beware of the narrow and cocksure 
Procrusteans of every walk of life, who would have all insti- 
tutions shaped to fit their own pet ideals, regardless of the 
need of the world of widely different products. 

Industry indeed needs relatively few pure administrators 
and relatively few pure speculators, though it needs them 
urgently; but it does need many men of each of many dif- 
ferent types between the extremes. Many draftsmanships 
can well be filled by men of a relatively low grade of intelli- 
gence and relatively little training; but industry needs in 
addition many whose powers of imagination have been de- 
veloped by a thorough training. To compel the former to 
take the thorough training which befits the latter would be 
as idle as to compel the latter to be satisfied with what suf- 
fices the former. 

Do not confuse yourselves with thinking that “technical 
men’’ are all of one kind, and that one kind of education fits 
them all. You might as well group all steels together as 
one, and needing one preparation, rivet and tube steel, high 
speed tool steel, file steel, and rail steel. Industry needs 
many steels, each of its own composition, and prepared in 
its own fit way, and many kinds of technical men each of 
its own appropriate training and inborn aptitudes. 

The habit of concentration as distinguished from action 
is invaluable as a preparation for some technical work, but 
for some other technical work that habit would be an injury, 
to be avoided as far as compatible with getting the needed 
knowledge. One man’s meat is another man’s poison. He 
who likes that meat should not ram it down the throat of 
him whom it poisons. 

Therefore let each institution pursue its own ideal. He 
who shapes round pegs for round holes should not ban but 
bless his neighbors who Square up their pegs for the co- 
existent square holes. Jones is familiar with places for 
which as much as four years of preparation have indeed to 
be tolerated; Smith is familiar with those for which a five- 
year preparation is alas regrettably short. Each is right, 
one seeing the silver and the other the gold side of the shield. 
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EDUCATIONAL IDEALS. 


Technical education, tho its immediate purpose is to 
make technical practitioners, has for its ultimate and main 
purpose to make citizens. To educate is to lead out the 
powers of the mind. 


“T count life just a stuff 
To try the soul’s strength on, educe the man.” 


What technical education needs most is improvement in 
its breed of presidents. These should give their teaching 
staff that which they too often lack, a true conception of the 
relative importance of learning and mental training. 

Theories are never absolutely true; they are only con- 
venient false work for assembling facts. A conception of 
their temporary and makeshift nature, and of the degree of 
credibility of the evidence on which they rest; familiarity 
with wise and effective methods of testing this and the other 
evidence on which all our decisions must needs rest; it is far 
more important to possess these than to understand this or 
that theory, as to which you can always refresh your memory 
by turning to Kent’s pocketbook or to some treatise on 
physics, chemistry, or whatever. 

The mind is our tool. It is much more important to 
learn how to use this tool wisely and effectively than to 
cram it with facts. The eraduate’s greatest value is his 
power of thought, but of all educational things the two 
most difficult are to induce the student to think at all and 
to induce his teacher to try to make him think. It is by 
their power of causing their teaching staff to educate while 
they teach that the fitness of the college presidents should 
be measured. 


REMARKS BY THE PRESIDENT 


Jupcr Gary: I cannot adequately express commenda- 
tion for the splendid addresses which we have this day had 
the pleasure of listening to. I can only beg the gentlemen 
who have favored us on this occasion, and whose words 
have been not only interesting but very beneficial to all of 
us who have listened, to accept our hearty thanks. 

We are to be congratulated upon the great and growing 
success of the American Iron and Steel Institute. We have 
now nearly nine hundred members, and at this dinner there 
are assembled over three hundred guests. There have never 
been assembled in this great banquet hall a finer lot of men. 

As usual we are going to have the pleasure of listening to 
a few of our members who have been frequently drafted 
on such occasions as this and who never fail to respond, even 
without any previous notice or opportunity to prepare, but 
who always interest and instruct us. And the first one I 
will name is our old friend, Charles M. Schwab. 


Mr. CHartes M.:Scowas: Mr.-Chairman and Gentle- 
men of the Institute, I thought this was going to be one 
year when I might escape and you might be spared the 
affliction of another speech from me. I particularly begged 
the Judge this evening to leave me off, because for the last 
two days and nights I have been on the railway train 
travelling under very hard circumstances, and the days pre- 
ceding the past two were not such as to put one in the most 
enlivening mood for an after-dinner speech. (Applause.) 

And then my pride has been hurt a little this evening, 
because as I came in one of my reportorial friends said to 
me, ‘Mr. Schwab, are you going to make an address, and if 
so have you prepared it?” I said, ‘‘My friend, I never 
prepare an address.” ‘Well,’ he said, ‘“‘I read some of 
your speeches, and I quite agree with you.” (Laughter.) 

When I have listened to the learned discussions of some 
of these very distinguished educators this evening I was 
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surprised to find that in this great Institute there was one 
branch of education that seems in these days to be most im- 
portant that they have entirely overlooked, and one that I 
indeed, with my thirty odd years’ experience in the steel 
business, have found of the greatest value in recent years. 
Now I will leave it to the people here to guess what that 
branch of education is. I always thought Farrell was a 
ereat steel man. I have changed my mind. Farrell is a 
great statistician. (Laughter and applause.) And he is 
great in many other directions. (Applause.) 

Before I started my experiences of the past week I 
looked through my library to find if I might consult some 
book that would educate me a little upon these lines. The 
only volume that I found that I thought had any reference 
to it whatever was The Confessions of St. Augustine. 
(Laughter.) I took down this volume and read it carefully 
throughout. And I found that the only confessions St. 
Augustine had to make were those of human weaknesses 
and frailties. And for those I needed no tutor. (Laughter.) 
There were no confessions or records of the ablest men in the 
country who were endeavoring to build up a great industry 
for the benefit of the country and then had to make a con- 
fession for so doing. And when I speak of this confession I 
look back over the twenty years to all the methods and 
things that we in the industry had to adopt to make it great 
and successful, or at least such methods as we thought were 
necessary to make it great and successful. And those for 
which we were so highly commended years ago are the 
things that we are made to believe to-day are the worst 
things possible. (Applause. ) 

And I was reminded of a dream I had the other night. 
I was pondering upon the things that I had done in the past 
ten years that are now thought to be so contradictory to the 
law. I dreamed that I would like to shrive my soul of these 
things, and I went to confession, and I took Uncle Joe Butler 
along. (Laughter.) We are both good Catholics, and we 
went to Father Finnegan to shrive our souls. In the con- 
fessional Uncle Joe was on one side and I on the other, with 
the priest in the middle. In the midst of our confession the 
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good father disappeared.. Joe said to me, “ Where is the 
Father?” I said, ‘‘He has gone out.’”’ Joe said, ‘Ill bet. 
he has gone for the cop.” (Laughter.) 

Soberly, gentlemen, when I think of this great industry, 
its sturdy character, and the high quality of the men who 
represent its interests, I am reminded of a little story that 
I read the other day which I think is typical of this situa- 
tion, and which I shall use in illustration in my closing re- 
marks. 

There was a good honest Scotch ferryman who for years 
rowed his sturdy boat across the lochs of Scotland. One 
day in his ferriage he picked up some people possessed of 
unusual knowledge. As they were crossing the loch the 
first man said to the ferryman, ‘‘Jock, do you know any- 
thing about philosophy?” “No,” said Jock, “I do not 
know anything about that; I am a ferryman.” ‘Oh, my 
poor man,” he said, ‘‘that is sad; there is a third of your 
life lost.’”’ Presently the second one said, “‘Jock, do you 
know anything about metaphysics?”’ He said, “‘No, I do 
not know anything about it.” ‘‘Well,”’ he said, “‘that is 
very sad; there is ‘another third of your life lost.”’ The 
old man became agitated-with this questioning about things 
that he knew nothing of: The wind arose and the boat 
rocked, and there was danger of upsetting, danger to this 
sturdy craft that had floated on the loch for so many years. 
Presently the ferryman said, “‘Gentlemen, can you swim?” 
And they said, ‘‘No, we cannot.” ‘‘Well, then,” he said, 
“T am afraid the whole of your life is lost.” 

And so, whatever the vicissitudes of the present may be 
in this great industry, although the boat representing it may 
be of the sturdiest character, and although the boatman 
may be so skilled in his profession that no one can do better, 
he may be agitated by the stormy waters of popular opinion 
of the day and his boat may be rocked. Yet, notwithstand- 
ing all this, the theorist who can ask many questions about 
the business that he does not know will sink into oblivion, 
while the sturdy straightforward oarsman will ultimately 
guide his craft into the safe harbor of increasing and endur- 
ing success. (Applause.) 


IMPROMPTU REMARKS—BUTLER 275 


Jupge Gary: I will now call on Uncle Joe Butler for a 
few remarks. (Applause.) 


Me. Josepy G. Butimr, Jr.: Mr. Chairman and Gentle- 
men of the Institute, if I should say to you that I did not 
expect to be called upon I would state an untruth. I would 
have been very much disappointed if I had been overlooked. 
At the Pittsburgh meeting, as you may remember, I was 
totally neglected. 

I want to state further that the good father who was 
looking after that policeman is still looking, and I do not 
believe he will ever find him. 

Speaking about technical education, the first private 
kindergarten that was ever started in the United States 
was started at Brier Hill. That was over thirty years ago. 
It is in existence yet. We have about fifteen or seventeen 
different nationalities. And some of the children of the 
original kindergarten scholars there are working for us now. 
Among other things, one of the teachers in this kindergarten 
told me of a little experience she had had. She said she was 
giving a lesson in geography. She had a blackboard there 
and a piece of chalk and was trying to explain to them what 
a voleano was. She made a drawing and put on a lot of little 
whirligigs and a lot of smoke. Then she said, ‘Children, 
what does that look like?” No one answered. Finally a 
boy held up his hand. ‘Well, J ohnnie,’’ she asked, ‘‘ What 
does it look like?’? He surprised her by answering, “Tt 
looks like hell.’”’? (Laughter.) 

Now we have considered many important questions 
to-day. I have been very much interested. I intended to 
hear everything, but about four o’clock they started dis- 
cussing the microscope. (Laughter.) I went up to my 
room for a moment. I really intended to go right back, as 
I wanted to hear Dr. Darlington, one of my good. friends, 
for whom I have great admiration. I lay down on my bed 
intending to rest for a couple of minutes, just to kind of 
lose myself and get ready for this evening session. But I 
slept until after five o’clock. Then I returned to the Astor 
Gallery, only to find that the afternoon session was over. 
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But I heard something about it. I was delighted to learn 
that we had got all through with the bacteria, and I felt 
thankful that there were not going to be any more kilowats. 
(Laughter.) 

Seriously speaking, gentlemen, I am very glad to be 
here. I was very much impressed with Judge Gary’s 
address this morning. I was particularly pleased with what 
he said about the young men. Don’t forget that you young 
men must take the place of us old fellows. Some of these 
days we will be gone, and we expect you to be here. I hope 
to see this Institute arrive at a time when, instead of having 
eight hundred and seventy-two members, we will add an- 
other cipher to it. I would like to see this Institute in a 
position so eminent that we can so influence public opinion 
that everybody in business will have a square deal. And 
that is all we want. (Applause.) 

Now there dre a lot of people here that I know are just 
aching for Judge Gary to call upon them, and I am going to 
take up very little more of your time. But I want to pay a | 
tribute to a member of this Institute, one of our honorary 
members, one of the greatest Americans born in the nine- 
teenth century, I think, if not the greatest. He said many 
things well worth remembering. One of the most impres- 
sive things he said was: “Any man who sells United States 
prosperity short makes a mistake and will live to regret it.” 
Now, in conclusion, gentlemen, I ask you all to rise and drink 
to the memory of one of the greatest Americans, an honorary 
member of the American Iron and Steel Institute, John 
Pierpont Morgan. (Applause.) 


JupGce Gary: I think under all the circumstances we 
ought to call upon Mr. Farrell for a few words, although he 
has had no notice whatever. (Applause and cheers.) 


Mr. James A. FARRELL: Mr. President and Gentlemen 
of the American Iron and Steel Institute, I regret that owing 
to a previous engagement today (laughter), I was unable to 
be present and have the opportunity of listening to the ad- 
mirable papers prepared and read at the day session. 
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As a member of the Committee of Arrangements for the 
meeting, I wish, on behalf of the Committee, to thank the 
gentlemen who prepared the very interesting papers read at 
the session now closing and who have acquitted them- 
selves so creditably, as well as those who took part in the 
instructive discussions. 


These gatherings and discussions are of great benefit 
not only to our members but also to the large and ever-in- 
creasing number of men engaged and interested in the iron 
and steel industry in this country and throughout the 
world. Many members have become acquainted with each 
other through the medium of the Institute, and those familiar 
with its activities realize that its purposes are serious, legiti- 
mate and useful. 


The wide publicity given to our proceedings and to in- 
vestigations of subjects of interest is of very great benefit to 
all concerned. The relations between the several branches 
of the industry are being more clearly established and de- 
fined, thereby increasing the efficiency of individuals and 
organizations and adding materially to the wealth and 
prosperity of our country, through the development of 
economies in manufacture and in trade and commerce, 
both at home and abroad. 

The Institute has accomplished a great deal for the gen- 
eral good of the community, through the exchange of ideas 
and information regarding processes of manufacture, ethical 
standards, welfare work, and the many other activities con- 
nected with an industry so diversified as ours. The progress 
already made is a guarantee of its continued success; and we 
should, individually and collectively, do everything in our 
power to broaden and develop its scope and sphere of use- 
fulness. 


I join with our honorable President, Judge Gary, in 
congratulating the American Iron & Steel Institute on the 
position it occupies in the community and in the industry, 
and in predicting for it an increased measure of activity as 
to its membership and usefulness in its consideration of 
problems of importance to the trade. (Applause.) 
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Jupce Gary: I think I will call upon only one more 
gentleman for a speech. I believe all of you would rather 
go home a little earlier than a little later. It has been a 
pretty hard day for all of us, and we need rest. I am going 
to call upon our old-time friend and gifted orator, Jim Hoyt. 


Mr. James H. Hoyt: Mr. President and Gentlemen, 
I have been reminded while sitting here that some years 
ago I sat at a table by the side of Bishop Potter. In his 
delightful and charming way he related an experience he 
had during the last summer when he was at his country 
place. He went to a little country parish to deliver a 
sermon. After the sermon he was told by the warden that 
one old farmer had travelled twenty miles to hear him 
preach. The Bishop said he would like to shake the farmer 
by the hand. He told the farmer that he was very grateful 
to him for coming so far to hear him preach. The farmer 
said, ‘‘ Yes, Bishop, whenever I can get to hear you preach I 
always go, because I always learn something.”’ The Bishop 
said, ‘‘I trust my sermon this morning was no exception.” 
The farmer said, ‘“‘No, it wa’nt. Until I heard you preach 
this morning I always thought Sodom and Gomorrah was 
man and wife.” (Laughter.) That has been my experience 
today, gentlemen. I have gotten very surprising new 
knowledge from all of the learned papers which have been 
read today. 
I think Dr. Darlington was properly placed at the end. 
With your customary discretion, Judge, you changed him 
from the morning session and put him at the close of the 
afternoon session. That, I think, gave special point to 
his remarks on the causes of fatigue. I went home and 
took a cold bath, as he advised me to, and immediately 
thereafter I reached that pinnacle of energy which I occu- 
pied this morning, when I woke up at eight o’clock after an 
evening spent at bridge-whist. While I have receded a 
little from the top notch, gentlemen, still I am not very far 
down the line yet. 
While I was listening to Mr. St. Clair and Mr. Norton 
and learning from them how inexhaustible the supply of ore is, 
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and how groundless is the fear of some people that one con- 
cern could monopolize or use it all, the thought occurred to 
me that much of the worry and apprehension that we have 
in this world comes from misinformation or from the lack of 
information. And that reminded me of a story. Two Irish- 
men went to a zoological garden the other day and stopped 
in front of a cage where there were two kangaroos. And Pat 
said to Mike, ‘‘God bless my soul, what kind of an animal 
is that with a pouch in front of him? Where did it come 
from?” ‘It is a native of Australia,’ answered Pat. “A 
native of Australia? Great God, my only sister married one 
of them three weeks ago.” (Laughter.) 

I was very much interested in listening to the address of 
Dr. Sherman and in learning just exactly how to extend first 
aid to the injured. But when he threw those thighs on the 
screen I was somewhat puzzled. I thought he had gotten 
his maps mixed up with Mr. St. Clair’s, and that he was 
showing a section of the Mesaba Range. After hearing his 
explanation, of course, I was satisfied that he was all right. 

Like Mr. Butler, I was very much interested in the 
microscope exhibition. There was a gentleman who sat by 
the side of me during the very interesting paper read by 
Professor Sauveur, and he asked me what those pictures 
were. He had been at the buffet luncheon. I said to him, 
‘Why, those are microscope pictures of steel.” “Not at all,” 
he said, ‘‘those are beautiful specimens of marble. I have 
been in the steel business all my life and no steel ever looked 
like that.” 

His condition was something like that of the Irishman 
who was inclined to drink. His wife objected very strongly 
to his habits. One night, coming in very late, he thought 
it would be extremely difficult to get to bed without raising 
a row. His wife had a large dog. He concluded to crawl 
into his room on his hands and knees, so that if she should 
wake up she might mistake him for Fido. That happened. 
The next morning, telling his experience to a friend, he said, 
“T am mighty glad that I was sober enough to remember 
to lick her hand.” (Laughter.) 

When listening to Mr. Early’s paper I was reminded of a 
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claim that was put in against a client of mine. My client 
had sold a gas engine to a Dutchman in Illinois, who was 
doing a little contracting business and who kept a store. 
Shortly after the engine had been delivered my client re- 
ceived this kind of a letter from Mr. Baumgarten: ‘‘So and 
So Company. What the hell did you send me a gas engine 
for without a pulley? I would like to know how you can 
run a gas engine without the pulley. You are a big strong 
concern and try to break my business up. If I sell it with- 
out pulley, I lose my customer. I do no more business with 
you. Iship thisengine back. I hate yourmethods. Yours, 
Baumgarten. P.S. Since I have wrotten the above I have 
found the pulley in the box. Excuse to me.” 

When listening to Doctor Darlington, I was reminded 
of the experience of a gentleman whom we have with us— 
I won’t mention his name because he is a sensitive man. 
About ten years ago he was not feeling very well and he 
consulted a very distinguished physician here in New York, 
who asked him what his habits were. He told the physician 
a few of them. Among the rest he admitted to smoking, 
and while not drinking to excess he admitted that he did 
drink at times. The physician told- him that the smoking 
would not injure him in the least, but that he must stop at 
once all alcoholic stimulants. He obeyed the order of his 
physician, but he did not feel any better. Then he con- 
sulted another distinguished physician who examined him 
carefully and told him that smoking was most injurious, 
but that moderate drinking would be really helpful. So 
whenever he was thirsty he followed one physician’s advice, 
and whenever he was eager for a smoke he followed the 
other’s advice. (Laughter.) He is here to-night in admir- 
able health, far better than he was ten years ago. 

Now the point of the story is, can I or can I not take a 
hot bath? Doctor Darlington did not commit himself on 
that subject. I am doubtful about it. And if it is not too 
much to ask of the learned doctor, a communication from 
him on that subject would be extremely agreeable to me. 
(Laughter.) 

Now, gentlemen, the hour is late and I have only a word 
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more to say. I have been thinking since I have been sitting 
here about the attributes of true greatness. They are 
many. But there are three distinctive attributes—calm- 
ness, forbearance, and patience. And the greatest of these 
three is patience. All the great men have possessed it. 
Washington, you will remember, at the battle of Mon- 
mouth broke out in righteous indignation against General 
Lee, and according to history used very strong and. probably 
profane language in characterizing Lee’s conduct. I re- 
member that when I was a boy I hunted history carefully 
through in order to discover if I could what epithets Wash- 
ington used, so that I could enlarge my own vocabulary. 
(Laughter.) With that exception he has left behind him a 
recollection of patience, of endurance. He was the embodi- 
ment of the Latin maxim, Vincit qui patitur—He conquers 
who endures. I happen to remember that because that is 
my family motto. As to the patience of Lincoln, the depths 
of it were never sounded. And MeKinley—with great re- 
spect to his successors, all of them—I will say he was the 
finest president of my time. (Applause.) He possessed a 
patience so inexhaustible that it was like the summer. 
People go out into the summer, you know, and gather its 
fruits and flowers, all they want, but there are plenty left 
for those who come after—so rich and lavish is nature in 
the bestowal of her gifts. 

Now, if I may be excused for making a personal allusion, 
I think that the address delivered by Judge Gary this 
morning was, under the circumstances, a splendid example 
of patience and of calmness. (Applause.) No annoyance 
was expressed; the majesty of the law was upheld, even 
though it was unpleasant, even though the law was wrong; 
and there was an injunction that when a proposal became a 
law it was the duty of good citizens to obey. The Judge 
rose to great heights this morning, gentlemen. There are 
very few men in the United States who, under the cireum- 
stances, could or would have made the address he made 
today. (Applause.) 

I have always believed in him. But now I am happy to 
say in the presence of this audience, and I am sure you will 
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all agree with me, that he possesses in large measure that 
chief attribute of greatness—patience. (Applause.) 

I have been very greatly impressed and very proud as an 
American citizen of the achievement, the triumphal achieve- 
ment, of Mr. Farrell on the witness stand. We are to be 
congratulated, gentlemen, on having such officials. As an 
American I am proud that thirty-five years ago Mr. Farrell 
started out with nothing, and that he is now, second only to 
Judge Gary, the head of the largest industrial concern in the 
world. And he is deserving of the honor. (Applause.) 

People are demanding opportunities. That is not what 
they want. They want to get something without being 
something and without doing something. If they want the 
opportunities of Judge Gary and of Mr. Farrell, let them 
prepare themselves as these great men have. Opportunities . 
are always looking for men like them. 

Gentlemen, speaking seriously, I have been greatly in- 
structed to-day. I thank you very much for listening to 
me. I thank Judge Gary very much for calling on me. 
(Applause. ) 


JupGe Gary: It. is*now expected to hold the semi- 
annual meeting of this Institute in Chicago, next October. 
I hope our membership will increase, and that you will all 
have that meeting in mind, and that we shall have the 
pleasure on that occasion of listening to addresses such as 
those prepared for to-day. 

May health and happiness and prosperity attend you. 
Good night. 
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AMERICAN IRON AND STEEL 
INSTITUTE 


FIFTH GENERAL MEETING 


CuicaGco, OctoBER 24 AND 25, 1913 


The Fifth General Meeting of the American Iron and 
Steel Institute was held at the Hotel Blackstone, Chicago, on 
Friday and Saturday, October 24 and 25, 1918. 

On Friday there were, as usual, three sessions, all held in 
the Crystal Ball Room. The forenoon and afternoon sessions 
were devoted entirely to the reading and discussion of papers. 
At the evening session, after the banquet, two formal papers 
were read; after which informal addresses were delivered by 
members upon the call of President Gary. 

On Friday the Secretary had a temporary office near the 
Ball Room, where members registered for the meeting and 
were provided with badges and programs. Judging by pre- 
vious meetings and making due allowance for the increase in 
membership, the advance estimate of attendance had been 
250 to 300. Providing what seemed to be an ample margin 
for safety, 400 badges and programs had been ordered. To 
the surprise of everyone the attendance reached 481. Over 
80 members were unable to get badges. When the Secretary 
returned to New York he ordered 100 additional badges to 
meet requests of members attending the Chicago meeting ~ 
who were unable to secure them. 

On Saturday, October 25, the principal feature of the 
day’s program was a trip by special railway train to Gary, 
Indiana, where the members were taken through the works 
by special observation train. The affair was admirably 
managed, so that the visiting members had opportunity for 
getting a very good idea of that world-famous plant. In two 
baggage cars attached to the special train a fine buffet lunch 
was served on the way back to Chicago. 

The General Committee on Program consisted of Messrs. 
James A. Farrell, Chairman, E. A. S. Clarke, John C. Maben, 
Charles M. Schwab, John A. Topping and Frank 8: Wither- 
bee. The Chicago Committee on Arrangements consisted 
of Messrs. Eugene J. Buffington, Chairman, M. Cochrane 
Armour, Alexander F. Banks, L. E. Block, Eugene B. Clark, 
Robert P. Lamont, Cyrus H. McCormick and Herbert F. 
Perkins. All of these gentlemen have the thanks and con- 
gratulations of the Institute. 


PROGRAM, .FIFTH GENERAL MEETING, CHICAGO, 
OctToBER 24, 1913 


FORENOON SESSION, 10:00 A.M. 


Address by the President of the Institute................. Expert H. Gary 
Fuel Possibilities in Steel Making...................... WitiiamM WHIGHAM 
Assistant to President, Carnegie Steel Company, Pittsburgh, Pa. 
DISCUSSION Nw hh nd RE eee eet ae See bee pee ee Wituiam G. Kranz 
General Manager, National Malleable Castings Company, Sharon, Pa. 
Treatment of Blast Furnace Flue Dust.................. EuGENE B. CuarKk 


Vice-President and General Manager, American Sintering Company, Chicago, Ill. 
DISCUSSION 2 2eee, cue Ms ee eee Ce ee ete ee JoHn W. DovuGHERTY 
President, Pittsburgh Crucible Steel Company, Pittsburgh, Pa. 
DISCUSSION EL eer eh ee, ey ae weet ee een BETHUNE G. KiuGH 
Engineer, American Ore Reclamation Company, New York. i 
The Use of Refractories in the Iron and Steel Industry. ...Harry W. Crorr 
President, Harbison-Walker Refractories Company, Pittsburgh, Pa. 


DISCUSSIONS... we CL nt eee big ae Amproseé N. Dies 
Superintendent, Blast Furnaces, Carnegie Steel Co., Duquesne, Pa. 


AFTERNOON SESSION, 2:00 P.M. 


The History and Problems of the Steel Wheel............. Joun C. NEALE 
Structural Engineer, Carnegie Steel Company, Pittsburgh, Pa. 


HH ISCUBSSIOM J rat. (orcs a tae aR pee et er ene D. F. Crawrorp 
General Superintendent of Motive Power, Pennsylvania Lines West, Pittsburgh, Pa. 


Progress.in. Roll Designs. ..* Gayrac eck oe eee eee Tuomas H. Marutas 
Assistant General Superintendent, Lackawanna Steel Company, Buffalo, N. Y. 


DISCUSSION ce cet Sia eater wie hae ee Henry L. James 
Superintendent, Roll Department, American Bridge Company, Pencoyd, Pa. 
Extras—The Reason and Necessity Therefor........ J. Ltonarp REPLOGLE 
Vice-President, Cambria Steel Company, Johnstown, Pa. 


Digcubslontat cca aes tle one oe _.. Henry P. Borr 
First Vice-President, Carnegie Steel Company, Pittsburgh, Pa. 


Discussions coh. i: ete ah ee ee ee Do ee Joun L. Hatnzs 
Assistant to Vice-President, Jones and Laughlin Steel Company, Pittsburgh, Pa. 


Discuesion hig, aster. ae eee a ee ee Cuar.es R. Ropinson 
General Manager of Sales, Lackawanna Steel Company, Buffalo, N. Y. 


a 


EVENING SESSION, 7:00 P.M. 


DINNER 
The Need of Vocational Education.............. THEODORE W. Rosinson 
First Vice-President, Illinois Steel Company, Chicago, III. 
Digoussicny. soa ceon vane eae eee STEPHEN W. TENER 


Manager, Accident and Pension De artment, American Steel and Wi 
Cleveland, Ohio. - , pe tae 


Impromptu Addresses in response to call of Judge Gary 


Closing Remarks by the President...................... Evsert H, Gary 


THE ADDRESS OF THE PRESIDENT. 


Evsert H. Gary, 


President, American Iron and Steel Institute, New York. 


All of us appreciate more fully, as time passes, the bene- 
fit of membership in this Institute and the wisdom of liberally 
sustaining it. 

The papers read and the discussions had on questions of 
business, on technical subjects and on welfare work are not 
only interesting and intelligent but they are of practical ad- 
vantage to us. Those heretofore presented are worthy of 
the careful consideration of all who are interested in the sub- 
ject-matter. They have attracted wide attention and have 
received general and favorable comment, and their influence 
extends far beyond those who are directly connected with 
the iron and steel industry. The men producing them are 
entitled to great credit; and they will, in years to come, have 
reason to be proud of their connection with the Institute and 
of the part they have taken in the deliberations of its 
members. 

The Institute issues a monthly bulletin of many pages, 
beautifully printed and amply illustrated. This serves as 
the magazine of the Institute. It exhibits from time to time 
the progress made in different fields. Not the least of these 
is welfare work, concerning which the members of the In- 
stitute have been and are enthusiastic and sincere. 

All the statistical work formerly carried on at Philadelphia 
by the American Iron and Steel Association, under the gen- 
eral management of Mr. James M. Swank, is continued by 
the Institute. It publishes special statistical bulletins giving 
results as soon as ascertained ; and these are afterwards em- 
bodied in the Annual Statistical Report. Besides, a new 
' edition of the directory of iron and steel works is now in 
process of preparation. 

The association of business men under the auspices of 
an institution based and maintained on the high order of 
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intelligence and of regard for each other which governed the 
motives of those most active at the inception, cannot be 
otherwise than most agreeable and directly beneficial to all 
of us. 

As a result we are more considerate of each other. We 
are kinder and more liberal towards our employees. We 
treat our customers better. We do something for ourselves 
because we do something for others. We have been potential 
in placing the whole iron and steel industry on a higher 
plane. We have learned from each other much that has 
been profitable to us in the practical management and direc- 
tion of our business affairs. 

While the good that can and will be accomplished in the 
future by the Institute will be more and more extended from 
time to time, the work already done has been effective and 
more than justifies the time and money which we have con- 
tributed to its support. 

Your President has heretofore, cn many occasions, re-- 
ferred to questions of morals and ethics and patriotism as 
being of the greatest importance, and has endeavored to 
apply the principles to the conduct of our daily efforts. We 
all agree that, in our daily walk and conversation, we should» 
recognize the necessity of upright, honest, fair and loyal 
treatment towards every one affected by our decisions. 
There is no intention of departing from or minimizing these 
principles in what shall be said to-day. 


SOME SUGGESTIVE FIGuREs. 


However, on this occasion I am disposed to speak briefly 
of practical business questions which are now in our thoughts 
and perhaps causing some of us feelings of anxiety. Condi- 
tions, opportunities and prospects of an economic nature are 
attracting the attention of the business men of this country 
and we are vitally interested in them. 

Never before in the history of this country was the 
opportunity for commercial progress and success so great 
as it is to-day. Never before were the conditions which 
promote the material welfare of the people so favorable as 
they are at present. The people of this country have a 
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decided advantage over the people of every other country 
in the opportunities available. It is the richest of all coun- 
tries and the greatest in productive capacity. 

A few comparative figures pertaining to this country, 
England, France and Germany, respectively, will be illus- 
trative. They are not complete but are typical and illu- 
minating. They are approximately accurate. 

The total wealth is: 


MMIbed Sta hesre me eras erica ace sao $130,000,000,000 
Jia Al biG (eek nek oii Src Are eer me areca 80,000,000,000 
DEE S1EY COONS ree rete cree ah cial eon sipet estes sys 65,000,000,000 
Germany ae peers eter cee 60,500,000,000 


United States....... $1,415 
SORES, SB cate oe OE CREO Der SIRI nom aOR ERS Ore 1,425 
TDinjal vite Fes asc ocean oe Claes Ore rs 1,250 to 1,385 
Glerisan yee oes arcs ha ee eet estas -p 4,100: to 1,200 


I have given the figures recently compiled by Mr. 
Helfferich, Director of the Deutsche Bank in his report to 
the Kaiser, except that I have given the total wealth of the 
United States as published in the Statesmen’s Year Book for 
19138. 

The amount of money in the United States, United King- 
dom and Germany, respectively, is: 


liimitedastatesca eaciiececencsieas i sisi < $3 500,000,000 
United Kingdom.........-.-2-+---+---- 1,000,000,000 
(Chiat phi niin io noiGe ne oo ee ua oMmeac aomear 1,500,000,000 


This includes the total of gold, silver and uncovered paper. 
Figures for France I have not been able to get. 

The railroad mileage for 1911, the date of the last publi- 
cations at hand, was: 


Wile tatese oer oe Gok Se ee ties eens eee 240,978 
@peat WBritade wes o.oo wie oe © tie ate wevere wer an uae 23,417 
SILC CRM PL screnere ee scleio na eketales’ satel ci oiererey eiades 31,391 
GeTMTANY. velo die ciss co ori ede se re ee Es 38,747 


Without stopping to make computation, it will readily 
be seen that the number of miles is very much larger in 
our country than in the other countries in proportion to the 
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population of each, and this is an important factor in con- 
sidering the commercial strength of a nation. 

As to the production of wealth in 1912, this country pro- 
duced in agricultural products alone, $9,299,000,000, eighty 
per cent. of which, at least, was in crops. The other twenty 
per cent., it is estimated, was fed to animals on the farms. 
In minerals it produced in value $1,918,326,253. 

While the figures relating to other countries have not 
been secured it is universally recognized that the United 
States is far in the lead in the production of corn, wheat, 
oats, tobacco, cotton, petroleum, pig-iron, steel and copper; 
and the location of the United States in a temperate zone, 
together with the richness of its soil, insures an ever-increas- 
ing production of crops on the average; and they are the 
real basis for expecting the greatest material growth and 
progress. 

Another fact worthy of mention is that the balance of 


trade between this country and all other countries for the ~ 


fiscal year aes June 30th amounted to $653,000,000 in 
our favor. 

As a result of our great wealth and material progress the 
people, generally, are better supplied with the necessities of 
life than those of any other country. There are exceptions 
depending upon local causes, but generally speaking the 
people are better fed, clothed and housed; and what is all 
important, the wages received by the laborer in comparison 
with the cost of living are far in excess of those of other 
countries. It is for this reason that immigrants from all 
parts of the world are coming in by the thousands. 

Again, the basis fof [transacting business has [been 
much improved during the last few years. In passing, it 
must be admitted there has heretofore been some ground 
for complaint. This was not local nor did it apply to any 
particular class or classes. But at present capital is more 
considerate of labor and vice versa. Business men are more 
frank and fair and honest than formerly in their dealings 
with each other. Men in power are more thoughtful in 
their treatment of those who are more or less dependent. 
Those holding positions of trust have been brought to recog- 
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nize fully the rights and interests of their beneficiaries and 
are giving them more information and better protection. 
The rich are more liberal and more charitable and the poor 
are more grateful for what they receive. In short, the rela- 
tions between all are becoming closer and better under- 
stood. 

We have been passing through a period of transition. 
The subject is too large to admit of detailed discussion at 
this time. It is sufficient to say that the business world has 
adjusted or is adjusting itself to new and changed condi- 
tions resulting from the great wealth and progress of the 
country. 


Wuy Dors Bustness HAtt? - 


Now, in view of the great advantages presented to our 
people, why is it that business prosperity is frequently and 
seriously interrupted? The peoples of other nations are 
asking this question; especially those who have money for 
investment. There are exceptional cases in which mis- 
management has caused distrust or dissatisfaction on the 
part of foreign and domestic capitalists; but this is not the 
principal reason for hesitancy at the present time on the 
part of these capitalists in making investments in our securi- 
ties. ‘They wonder why it is that with our great and grow- 
ing wealth and resources and our superior advantages we 
are not more continuously prosperous; why we are not more 
stable in prices and values and in general conditions; why 
there is ever any disposition on the part of any one to inter- 
fere with the normal and natural progress in the develop- 
ment of our country and its industries. Every one who 
travels extensively abroad is confronted with these inquiries 
by foreigners friendly to and interested in our commercial 
and financial conditions and success; and we assembled in 
this room are asking ourselves the same questions. 

I venture the assertion that it is largely because of much 
unnecessary agitation and ill-considered criticism by those 
who have not the nation’s best interests at heart. There is 
‘too much demagogy, too much mud-slinging. The man 
out of office criticises the one in office and the one in office 
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in turn seeks to advance his own interests regardless of the 
effect upon all others. In many public speeches and in 
magazine articles the author is influenced by motives of 
selfishness or cupidity. Appeals are made for the purpose 
of creating a feeling of dissatisfaction and unrest when this 
is unnecessary and unjustified. Fortunately this is partially 
offset by the conservative attitude of some of the leading 
journals; and the number is increasing. 

It is not uncommon in public discussions to treat success 
as an offence; to consider the possession of wealth, however 
honestly acquired, as wrong. Legislation calculated to 
create classes is urged persistently; also laws to impose 
unnecessary and unreasonable burdens; to forcibly take 
from one something which he has and is entitled to have, 
and turn it over to another; to prevent or to lessen the suc- 
cess of legitimate enterprise and endeavor. 

Capital, always timid, has been seriously affected by 
this unreasonable and uncalled-for agitation and attack. 
Indeed, it is becoming frightened. Confidence has been 
shaken. It is becoming impossible to secure, even with good © 
security, on fair terms and at a reasonable rate of interest, 
the capital necessary to equip or liberally maintain going 
and successful properties, to say nothing of the additions 
and extensions which the interests of this great and grow- 
ing country demand. | 

The stability of business, which is essential to its proper 
and reasonable growth and success, has been interfered with. 
Our great and growing population can use our products—it 
needs food and clothes and material to build—and it is willing 
and anxious to buy them. It is in need of railroads and ships 
with the best equipment to carry these products from one 
point to another and it is willing to pay fair rates for the 
service. Laborers are willing to work at a reasonable wage 
and employers are anxious to furnish work and to pay liberal 
compensation. The carrying companies are desirous of 
providing necessary facilities for adequate transportation. 
Producers in all departments of industry wish to satisfy the 
demands for their products at fair prices and to that end they 
would make the necessary increases in capacity. And those 
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who are able are quite ready to furnish the necessary capital 
provided they can be certain of protection against undue 
loss or risk. 


Tur Country EacGer To ACHIEVE. 


In short, gentlemen, this country, though hesitating, is 
eager to do business. The volume of business at this time, 
although large because the country is so vast, is not half 
so great as it ought to be or asit could be. It is high time for 
all of us to wake up to a realization of the fact that we are 
in competition with other countries, who by every means in 
their power are striving for supremacy; that it is not difficult 
for us, by good management, to reach the greatest measure of 
success in competition with other nations of the world; and 
yet that it is just as easy to fail if our vision is narrow or if 
we act without due regard to the results. 

We would not discourage honest, sincere movements 
which are intended to maintain a fair equilibrium as to the 
rights of all classes of people, or those intended to prevent 
oppression or wrong, or such as may furnish full and equal 
opportunity to every one to honestly and properly advance 
his own welfare and pecuniary interests. But at the same 
time it should not be forgotten that the people of a nation 
prosper or fail together; that the unnecessary destruction of 
one or a few adversely affects the whole body; that while the 
application of the principles of good morals is of the highest 
importance, nevertheless the man whom it is sought to in- 
fluence by these considerations lends an unwilling ear unless, 
at the same time, his material wants are satisfied. 

There is placed upon those in power and authority at 
the present time a very great responsibility. No doubt they 
will measure up to it. 

What I have said has not been uttered with any feeling 
of despondency. On the contrary, there is ground for 
optimism. We have, perhaps, been more or less enveloped 
in clouds of doubt and distrust and hesitancy; but I think 
we are arriving at a better understanding, that we are ap- 
proaching the dawn of the greatest prosperity. 

Apparently, the leading, most thoughtful and fairest- 
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minded statesmen of the country of all political parties are 
at present showing a disposition to bring about and to main- 
tain industrial peace and progress. Therein lies reason for 
hope. So far as we can, let us do our part in holding up the 
hands of those who have the greatest power and, therefore, 
the greatest responsibility, concerning these most important 
questions. (Applause.) 


Jupgr Gary: The program of the meeting shows the 
order of the papers and gives appropriate information about 
the authors. Copies of the program arein your hands. To 
save time, therefore, I shall ask the gentlemen on the pro- 
gram to come forward in turn and read their papers without 
further announcement. 


FUEL POSSIBILITIES IN STEEL MAKING. 


WinLiAM WHIGHAM, 
Assistant to the President, Carnegie Steel Company, Pittsburgh, Pa. 


Before proceeding with a discussion of the subject matter 
proper of this paper, a few words about fuels in general may 
not be out of place. 

Perhaps no country in the world has been so favored of 
nature in the way of great quantities, high quality and wide 
occurrence of fuels as that portion of the American Conti- 
nent occupied by the United States. And, as seems inevit- 
able in the development of a new country rich in natural 
resources, extravagances and waste have taken place in the 
earlier periods of that development. Man is always prodi- 
gal of that which is plentiful and easily obtained. But we 
have now reached a period where not only the necessity 
brought about by the desire for lower costs of production, 
but also an awakened public conscience, is compelling a more 
efficient utilization of these great natural resources. While 
they still occur over wide areas and are yet found in large 
quantities, they are not inexhaustible. We, in whose hands 
is placed the responsibility of their development and utiliza- 
tion, should be not unmindful of the claim upon them by 
- future generations, and our efforts should be toward the 
adoption of such methods and the use of such appliances as 
will conserve them to the utmost degree. 

In the past decade our own industry has made rapid 
strides in this direction, even in those districts where the 
low cost of fuel seemed at times to prohibit the invest- 
ment of the large sums necessary for apparatus of high efh- 
ciency, but there is much yet to be done. Not as much is 
known as might be of the efficiency, best proportions, and best 
methods of operating regenerators in our metallurgical 
furnaces, nor as to the best methods of combustion of the 
fuels themselves. These matters may well merit the atten- 
tion of our engineers and operators. 
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In the solution of any industrial problem no element is 
so essential as a thorough knowledge of that which has been 
accomplished. That knowledge is the basis of real progress 
in any line. And so in the discussion which follows it will 
be found desirable and necessary to set forth briefly present 
practice, and from this viewpoint endeavor to discern along 
which lines future progress may be made. 

It is not the purpose of the paper to form conclusions 
which may be applied to any particular case, but rather to 
point out along what lines investigative effort will produce 
the best results. The limits of the paper are, briefly, the 
fuels used in steel making proper and the possibilities of 
American practice. 

In the manufacture of steel no single item is of greater 
importance than that of fuel. The high temperatures at 
which the metals separate from the elements with which we 
find them associated in nature and at various stages of 
manufacture have placed our fuels on a plane of equal 
importance with the raw materials themselves, and their 
location has firmly intrenched certain districts as strong- 
holds of iron and steel production. The natural fuels which 
enter into the making of steel proper are found in the solid, 
liquid and gaseous states. The liquid and gaseous forms 
generally belong to that numerous group of combinations of 
hydrogen and carbon designated as hydrocarbons. For the 
purposes of this discussion all fuels may primarily be divided 
into two groups. 


FurEL ConTENT or METALS. 


Group I. comprises those fuels which come-to the steel 
maker as a component part of the metals with which he works ; 
as for instance the carbon, silicon, manganese and sulphur 
contents of the pig iron. While not generally referred to as 
fuels in this connection, yet these are as truly fuels and per- 
form much the same function as those which occur as such 
in nature and require more or less preparation for the pur- 
pose intended—that is to say, the maintenance of a tem- 
perature sufficiently high for the thermochemical reactions 
to take place. 
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The fuels listed under this class as occurring in the iron 
received by the steel maker require little attention, as their 
quantity and consumption, within certain limits, and the 
methods of their combustion are both approximately fixed. 

They are of great mmportance in the Bessemer process, 
furnishing as they do the sole fuel used in this branch of 
steel making. One gross ton of representative Bessemer 
iron contains about the following: 


Heat VALUE PER Lp. | Total heat 
value In gross 
ExLemMent | Per Cent. | Pounds | ton of Besse- 
B.T.U When mer metal, 
2 burned to 1B we 


Iron 93 .67 2,098 .2 5 eee g RSet een Perot oo tae 
Silicon....... 1.45 8 12,600 Si02 409,248 
Carbon : 4.00 89.6 14,500 CO. 1,299,200 
Manganese .. .75 16.80 2,975 MnO 49,980 
Sulphur...... 04 SOO aes nee she Big ROS eS RY 
Phosphorus. . .09 2.02 ee een, bel raise os 

Totals...) 100.00 2,240.00 | 1,758,428 


eee 


As the sulphur and phosphorus are not oxidized to any 
extent in the Bessemer process, no heat value has been 
assigned them. Practically all the silicon, carbon and man- 
ganese are burned in the process, and it will be seen from 
the above table that the heat equivalent for oxidation of the 
entire quantity of these three constituents amounts to only 
about 1,750,000 B.T.U. per gross ton of iron blown, or, say, 
2,000,000 B.T.U. per ton of steel ingots produced. This 
is equivalent to 148 lbs. of coal having a heat value of 13,500 
B.T.U. per pound. It will be seen from this how efficient 
the Bessemer process is as regards fuel consumption when 
compared with the open hearth process using 450 to 600 
pounds of fuel per ton of steel in addition to the fuel con- 
tent of the iron itself. 

Were no metallurgical questions involved, the Bessemer 
process of making steel would probably never have been 
replaced. 

The matter of phosphorus elimination, however, has 
compelled recourse to the open hearth process where low 
phosphorus steel is a consideration. 
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NATURAL FUELS. 


Group II. comprises those fuels which are found in na- 
ture as such and must be adapted through more or less 
preparation and through the use of extraneous equipment 
to the purposes of the steel maker. In the probable order of 
their importance they are as follows: 


Brruminous Coat. 


Under this heading are also included the products of 
coal, viz., tar and by-product coke-oven gas. 

On account of its wide occurrence, proximity to the 
other raw materials entering into the making of steel, low 
cost and ease of conversion into a gaseous state, bituminous 
coal. will probably always be the most generally used fuel 
in the making of steel by the open hearth process. It is 
found in great quantities in western Pennsylvania, West 
Virginia and southeastern Ohio, which renders it available 
for use with local fluxes, Lake Superior:and imported ores; 
in Alabama and Tennessee, in close proximity to ore and 
limestone beds there; in Indiana and Illinois, near the Lake 
ore supply; and in Colorado and Wyoming, close to the west- 
ern ore supplies. It will-be thus seen that; both from the 
standpoint of quantity and location, bituminous coal has a 
position in the manufacture of steel not easily replaceable 
by any other fuel. 

The proximate analyses and heat values of the coals of 
the four above-mentioned districts are about as follows: 


Per Per 
Cent. Ge phar Per Cent. ae Beenie 


Fixed Moisture Aa er Lb. 
Gackin Volatile Ash Pp 


Penna., W. Va. and Ohio| 50-60 | 30-40 1-14% | 6-10 |13700-14200 
Penna., W. Va. and Ohio] 70-75 15-20 w- 1 5-— 7 |14500-15000 
Alabama and Tennessee. .| 45-50 30-35 1-5 10-12 | 12000-13000 


Indiana and Illinois...... 40-50 30-40 5- 8 10-12 | 11000-12000 
Wyoming and Colorado 

(bituminous).......... 35-40 | 35-40 2-4 | 20-25 | 10000-10300 
Wyoming and ges tsee 

(lignite)... : 40-45 35-40 13-17 4— 8 | 10300-10700 


a ee ee ee 
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The coals utilized in steel making by the open hearth 
process are used in the following ways: 

Through Gas-producers. On account of its simplicity of 
operation, the gas producer has to the present time been the 
means most generally employed for the utilization of coal 
in the making of.steel in the open hearth furnace. The 
making of producer gas is based in general upon the trans- 
formation of the free carbon of the fuel into carbon mon- 
oxide gas, and it is easily understood therefore that the fuel 
containing the largest amount of fixed carbon will be the 
most desirable. In the process of gasification in the pro- 
ducer the carbon of the fuel is burned to carbon dioxide, 
the latter being then reduced to carbon monoxide by con- 
tact with additional carbon as it rises through the fuel bed. 
In order to effect reduction to carbon monoxide less air is 
admitted than is necessary for complete combustion and 
the height of the fuel bed is regulated according to the 
quality of the fuels used. The uniform passage of the 
gases of combustion through the upper fuel bed is of prime 
importance, and therefore the crushing and screening of 
coal to a uniform size for use in producers is practiced 
where best results are desired. Even with this extra pre- 
caution, however, the formation of clinkers and blow-holes 
throughout the fuel bed is unavoidable unless some method 
is used of keeping the fuel stirred up. This end was attained 
at first by hand-poking, and hand-poked producers are still 
used very generally. The disagreeable character of the 
work, the expense of labor involved, and the irregular results 
obtained have led to the development of several designs of 
mechanically-poked producers. Steel works engineers are 
not unanimous as to the advantages of one or the other of 
the two classes of gas producers mentioned above, and this 
is probably due in this instance, as in many others connected 
with engineering and industrial operations, to a lack of 
accurate data concerning the performances of the two classes 
of apparatus. Generally speaking, the choice ought to be 
made on the following points: cost of installation, cost of 
operation, labor supply, efficiency. 

The first cost, based on large installations, will be about 
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the same per open hearth furnace served, and may be stated 
in round numbers as $25,000 per furnace in either case, 
which figure includes four hand-poked or two mechanical 
producers with all coal and ash handling equipment com- 
plete. The rated capacity of a 10-foot hand-poked _ pro- 
ducer is 1,000 pounds of coal gasified per hour ; the average 
actual capacity is about 800 pounds per hour, and as a rule 
about 4 of these producers are installed for each open hearth 
furnace. The rated capacity of the mechanical producer is 
about 2,000 pounds of coal per hour and its actual operating 
capacity in the neighborhood of 1,600 pounds per hour. Up 
to the present time it has been usual to install two mechani- 
cal producers per open hearth furnace; but in some cases 
five producers have been installed for two furnaces, and it 
has been suggested that the larger furnaces, making 90 tons 
of steel at a heat, have three producers each. It can hardly 
be said that this large producer capacity has yet been justi- 
fied by results. 

A comparison of the cost per ton of coal gasified, includ- 
ing maintenance and repairs as well as direct labor and 
supplies, for two large plants, shows the following: 


Cost to gasify a gross ton of, coal (2,240 Ibs.) hand-poked 


equipmentie gy. (jes 0 eee eet ee eee $0. 745 

Cost to gasify a gross ton. of coal (2,240 Ibs.) mechanical 
EQUIP Inen. rp se kae ag eee Mee | ene .444 
Difference in favor of mechanical insialletion® -o el. see $0.301 


This difference is practically all in the direct labor as will 
be seen from the figures below, taken from the same cost 
sheets. 


Direct labor cost to gasify a gross ton of coal, hand-poked 


equipment. 2. ted “edule Ace neem eee ee eee eel $0.509 

Direct labor cost to gasify a gross ton of coal, mechanical 
CqUipment... 4 vwi.nan ewes mews Coenen gem ae 213 
Difference in favor of mechanical equipinent .. ca eee $0. 296 


These figures indicate about two and one-half times as 
much labor for the hand-poked as for the mechanical instal- 
lation, and the whole disadvantage of this excess labor is 
not indicated by the extra cost. The difficulty at times in 
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securing labor for this purpose is an important element in 
the decision. 

Both types of producer will deliver to the furnace, either 
in the form of sensible heat or heat of combustion, 85 to 90 
per cent. of the total heat in the coal received by them. 
Average combined producer and furnace practice will show 
about 550 pounds of coal to the ton of steel, or 7,425,000 
B.T.U., based on 13,500 B.T.U. per pound of fuel. 

The conclusion of the writer from the above data is 
that the mechanical producer should be used in all large 
installations. It would appear also, from the fact that the 
mechanical producer has been perfected to such an extent 
that it requires less than one-half the labor necessary for the 
older type, and, as stated above, shows from 85 to 90 per cent. 
efficiency as a gas-making apparatus, that radical improve- 
ments in its operation are hardly to be looked for. The 
principal losses, being loss of fuel in the ash and radiation 
from the producer itself and from the pipes which carry the 
gases to the furnace, can hardly be expected to be reduced 
by any considerable amount. 

As By-products of Coal, viz.: Tar- and Coke-oven Gas. 
The by-products of coal, such as tar and coke-oven gas, 
present greater opportunities for advancement in fuel effi- 
ciency, but have their limitations on account of quantity 
available. 

Wherever tar can be obtained in sufficient quantities, its 
use has been attended with considerable success. Practice 
in burning tar as a fuel for steel-making purposes shows that 
from 30 to 35 gallons of tar to the ton of steel is easily 
attainable, and as each gallon contains on an average about 
160,000 B.T.U., the total heat in the fuel required to make 
a ton of steel with tar is about 5,200,000 B.T.U. as compared 
with 7,425,000 B.T.U. in the case of average producer 
practice, or about 70 per cent. This is partially accounted 
for by the fact that the radiation and other producer losses 
in the case of coal are not present where tar is used. The 
figures given above, viz., 30 to 35 gallons of tar per ton of 
steel, were obtained on a 40-ton furnace and represent by 
no means the economy which might be looked for on a 
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larger furnace. The method of burning tar is to heat it by 
steam coils to a point where it will readily flow and inject 
it in an atomized condition through the bulkhead wall of 
the furnace. Many types of burners have been tried, but 
nothing better has been found than the simple device con- 
sisting of a tar tube inside a tube through which the atomiz- 
ing air is blown, both tubes being drawn to a relatively small 
orifice at their delivery ends. The pressure of air used for 
atomizing is about 80 pounds. 

The cost of installation, including tar tanks, pumps, air 
compressors, etc., is small, being in the neighborhood of 
$1,500 to $2,000 per furnace. As to the possibilities of tar 
as a fuel for steel making, its limitations are, as stated 
above, in quantity rather than in any other direction. The 
uniformity and degree of heat attainable are all that could 
be expected by the steel maker, but, in view of its com- 
paratively limited production and use in many other direc- 
tions, it is hardly likely that it will attain any great promi- 
nence as a steel-making fuel. 

Experiments with by-product coke oven gas for steel 
making have been few, and practically no data is available. 
The quantity of this gas is rather too small in amount and 
can be utilized so easily to advantage in other directions 
that it is hardly likely that it will be much of a factor in 
steel making. It has been used to a considerable extent in 
the heating of steel for rolling mill purposes and seems to 
be perfectly satisfactory for this use. 

Pulverized Coal Burned Directly. One of the most prom- 
ising methods of using coal, both as to the low first cost of 
equipment and economy in fuel consumption expected from 
the process, is in the pulverized ‘condition. Coal in this 
condition has been for some time used in the burning of 
cement, in puddling furnaces, in steel-heating furnaces and 
to some extent under steam boilers. Its advent, as a steel- 
making fuel has taken place only very recently. The prin- 
cipal points to be taken care of, as seen at the present time, 
are, a thorough drying of the coal, pulverizing to a degree 
of fineness which will permit 90 per cent. of the fuel to pass 
through a 200-mesh sieve, and its injection into the furnace 
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in a uniform stream. The high flame temperatures possible 
with pulverized coal properly burned has suggested that the 
regenerators in the open hearth furnace might be replaced 
entirely with waste heat boilers, which are of course a much 
more efficient means, of reclaiming waste heat than fire- 
brick used as regenerators. In any event, the use of coal 
in this way, which injects its entire ash content into the 
open hearth furnace, and a large part of it into the passages 
and checkers beyond the furnace, will require a modified 
design of regenerator. On account of the recent adoption of 
pulverized coal in steel making, this detail has not been 
thoroughly worked out. 


NATURAL GAS. 


This fuel for the making of steel, as indeed for all other 
purposes for which fuel is used, is ideal. Its cleanliness, 
high heat value per unit of volume, freedom from non- 
combustible and injurious elements, ease of transporta- 
tion and fixed character, make it the most desirable of all 
the fuels furnished by nature. The only place where it is 
found in sufficient quantities to be available for steel making 
is in western Pennsylvania and West Virginia fields. Its 
average composition and heat value are about as follows: 


Carbon: Monoxide (CO)... 2 iis we ce ose eet 1.493 
Wien (ClEW)). 055 beddnseod50 he conn. Tete 93.96 
Petry lene (CgEl1) goer. 1s lia e sess bee ag ee weeps 1.447 
INNO Sie (OND) babes and Bb bem bbe tos obaer oO sonmomenc 3.10 
TEN Os? Cana concn ae docends bopmodbyagEo ds 100.00 
BVO O)s jase CUOMO Wig noe oo naooU coon vitk dpc. UeiGMe se 1,048 


On account of its small volume and weight per unit of 
heat it is not necessary to regenerate it, nor is it possible 
to do so on account of its composition, as it breaks down 
at comparatively low temperatures. 

The method of burning in the open hearth furnace is 

simply to carry the gas pipe through the bulkhead of the 
‘furnace and bring the gas into intimate contact with the 
regenerated air. Temperatures are thus attained fully 
ample for the requirements of steel making. The lack of 
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the necessity for regenerating the fuel gas leaves the entire 
regenerator space available for preheating the air. 

The quantity of natural gas necessary for the production 
of a ton of steel ingots by the open hearth process is about 
5,500 cubic feet, having a heat value of 5,766,750 B.T.U. 
It may vary somewhat above or below this figure, depend- 
ing upon the size and construction of the furnace and the 
care with which it is used by those in charge. In the making 
of steel, and in fact in most metallurgical processes, there is 
much room for economy, the necessity for which becomes 
more apparent as the permanency of the supply is threat- 
ened. Reliable figures covering the actual heat loss, etc., 
in an open hearth furnace using natural gas are available, 
In the summary which it is intended to make of the question 
of furnace efficiencies the results obtained from a furnace 
working on natural gas will be used. As is the case with 
tar and by-product coke-oven gas, the limitations as to the 
use of natural gas in steel making are also found in the supply. 
In the Pittsburgh District, where natural gas has been used 
most for the making of steel, it is hardly likely that new 
open hearth furnaces will be constructed without some kind 
of coal-burning equipment; and even in the other require- 
ments of steel making, such as ingot heating and reheating, 
it will also be found desirable to follow along these lines. 
Probably within a period of 5 to 10 years, unless ‘unan- 
ticipated discoveries are made of natural gas supplies in 
the way of larger and more numerous wells, this fuel will be 
confined to domestic purposes and the smaller manufactur- 
ing operations. 


CrupE Minera Orn. 


Reference to this fuel is mainly historical as applied to 
the making of steel as, on account of the present high cost, 
it is hardly available for this purpose. It was never aed 
in very considerable quantities, and those works which 
have used it have been compelled to adopt other fuels. 
The method of burning it was to atomize it in a burner let 
through the bulkhead of the furnace in much the same 
manner as coal tar is used. The consumption was about 
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45 to 50 gallons, or 5,826,600 to 6,474,000 B.T.U., per ton 
of steel. 


HiGHER EFFICIENCY FROM IMPROVED FURNACE DESIGN. 


Up to this point hothing has been said about the possi- 
bilities of better furnace design in order that fuels may be 
used more efficiently in the furnace. The basis of any 
improvement along these lines must necessarily be a thor- 
ough study of existing practice and a knowledge of the kind 
and extent of preventable losses. Realizing the lack of 
specific information in this respect, a thorough test has been 
carried out on a 50-ton furnace using natural gas, the test 
having been made on a furnace using this fuel on account 
of the ease with which the fuel could be measured and the 
avoidance of inaccuracy through having to take into con- 
sideration fuel losses external to the furnace, as is the case 
in the use of producer gas. 

Beginning with September 27, 1911, accurate measure- 
ments were taken of the quantities and temperatures enter- 
ing into the making of 469 heats, occupying a total of 233 
days, 2.78 hours. The results averaged for the 469 heats are 
given in Table ‘‘A”’ and show that 12.95% of the total heat 
available was found in the steel at tapping time; 1.79% was 
in the tapping slag; 1.23% in the pit slag; 1.57% and .97% 
were used in reducing the ore and decomposing the lime- 
stone respectively; 30.00% was absorbed and returned to 
the furnace by the regenerators; 32.02% was carried up the 
stack, leaving 19.47% for radiation, conduction and unac- 
counted for. The thermal efficiency of the furnace and 
regenerators combined, based on the ratio of the first six 
items enumerated above to the total heat supplied, is 
shown to be 48.5%. The thermal efficiency of the regen- 
erators is shown to be 38.3% measured by the ratio of the 
heat delivered to the incoming air to the total heat in the 
waste gases leaving the bridge wall. 

An examination of these figures indicates that there are 
two items which can be controlled by design and operation. 
They are: 

Radiation and Conduction Losses. These vary greatly 
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with the construction of the furnace. Thicker walls will 
prevent the escape of the heat of the furnace, but at the. ” 
same time will probably result in higher cost of upkeep due 
to more rapid deterioration while the walls are still thick. 
The choice between this and the greater fuel loss, due to 
thinner walls, involves a considerable amount of judgment. 
It is impossible to determine without much experiment 
just where the economical point lies; but it would appear 
from the construction of a great many open hearth fur- 
naces that a large amount of heat might be saved by 
thicker and better walls, particularly around the bulkheads 
and ends of the furnace. 

Stack Losses. The following shows the average analysis 
by volume of the stack gases from 469 heats: 


Constituents ' Per Cent. 
te gate: & Pd eat eee Se eee ees 13.05 
CO 00.00 
UN ea ee eerste ge etc ar ts it ese, ae 81.64 

100.00 


A study of this analysis will show that there is about 
two and one-half times as much air present in the stack as 
is needed theoretically for combustion of the gas. This 
large excess of air reduces the flame temperature, and the 
water carried into the furnace as moisture in the air also 
has a material effect on the temperature. The average 
flame temperature with the 150% excess air was 3,074 
degrees. By approaching the theoretical amount of air 
_ required higher temperatures might be obtained, thereby 
reducing the volume of waste gases and the time required 
per heat, and so lead to fuel economy. To reduce stack 
losses the temperature and weight per hour of the waste 
gases must be reduced, and to do this it is absolutely essen- 
tial to have control of the air supply. This control cannot 
be had by throttling the air at the remotest source of supply, 
viz., the air inlet valves, as the furnace is not air-tight and 
the stack simply supplies its demand through the slag hole, 
around the door frames and other openings, this leakage 
not only entering without pre-heating but coming in where 
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least needed for combustion. Theoretically, one cubic foot 
of gas requires 9.2 cu. ft. of air for complete combustion. 
The air meters measured in this experiment on an average 
13 cu. ft. of air through the checkers for every foot of gas 
consumed and the leakage through the furnace was 10 cu. 
ft. or 77% excess above that measured. 


Errect oF REVERSAL INTERVALS. 


Chart “‘C’”’ shows the heating and cooling effects of the 
waste gases and air as measured at the furnace or “hot” 
end of the regenerator chamber and at the stack or “‘cool”’ 
end of the regenerator chamber. It shows that, for 20 
minute reversals, the gas at the hot end of the regenerator 
works between 1,675 deg. F. at the beginning of the heating 
period and 2,125 deg. F. after the gases have been passing 
through the regenerators for 20 minutes, while at the cold 
end of the regenerator chamber the gases have a tempera- 
ture of 645 deg. F. at the beginning of the heating period 
and rise to 1,415 degrees at the end of the 20 minute period. 
The point of greatest significance in both these curves is 
that, after the gases have passed for 10 minutes further 
absorption by the checkers is only obtained at the expense 
of comparatively high stack temperatures, the conclusion in 
general from this chart being that reversals should be of as 
short an interval as possible consistent with the mainte- 
nance of temperatures sufficient for the purposes of the 
furnace. As a matter of fact reversals on this particular 
furnace have been cut down to 15 minutes, with an increase 
in fuel economy and reduced repairs on the furnace. The 
temperatures not working over so great a range lead to less 
wear and tear on the brickwork of the furnace. 


Waste Heat Borers. 


One other method of recovering the heat in the stack 
gases offers itself to the engineer, and that is the use of waste 
heat boilers beyond the checkers, and this method is being 
used with a high degree of success. One of its disadvan- 
tages is the large capacity of boiler required for a given 
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recovery on account of the comparatively low temperatures 
of the gases. A 75-ton open hearth furnace must be fitted 
with a 400 H.P. boiler in order that 200 to 250 horsepower of 
steam may be developed. Notwithstanding this and other 
disadvantages, an installation of open hearth waste heat 
boilers will give a good return on the investment, particu- 
larly in localities where fuel prices are high. 


DupLeEXxX PROCESS. 


Recent developments in the ‘‘Duplex’”’ process have 


shown a reported fuel consumption of 150 to 180 pounds of 
coal per ton of steel, which might be expected from the high 
thermal efficiency of the Bessemer part: of the process, and 
it is highly probable that, if these results are borne out by 
continued practice, the most economical consumption in 
steel making will be obtained by the use of this process, in 
which the open hearth portion will be carried on with the 
most economical method of burning fuels as outlined above, 
viz., some form of fuel consumption in which the entire com- 
bustion takes place within the furnace walls, supplemented 
by furnace construction which will permit of a minimum 
radiation, large checker chambers with comparatively fre- 
quent reversals, and waste-heat boilers between the checker- 
chambers and the stack. 

A brief summary of all the fuel possibilities for steel 
making is as follows, the fuels being listed in the order which 
they have been treated above. 


SUMMARY. 


Fuel Content of the Metals. Developments in the Duplex 
process may give an increased importance to this item. 

Bituminous Coal. Any considerable advancement in 
fuel utilization will probably be found in improvement in 
the methods of applying this fuel to the uses of the steel 
maker. These will likely be confined to the use of coal in 
the solid state, as its by-products are too limited in quantity 
to become an important factor in steel making and producer 
practice cannot be expected to advance radically, but the 


FUEL POSSIBILITIES IN STEEL MAKING—WHIGHAM 311 


burning of coal in a pulverized condition presents pos- 
sibilities. 

Natural Gas. Limitations are found in quantity. 

Crude Oil. Because of the limited production and high 
cost, this will likely become a factor of diminishing value. 

Furnace Design and Operation. Opportunities are pre- 
sented here for fuel economies regardless of the fuel used. 
Those intrusted with the design of metallurgical furnaces 
might well give consideration to a study of the furnace from 
the standpoint of heat losses only. It is quite likely that 
the open hearth furnace has not had sufficient thought given 
to it from this point of view, and the matter of design should 
be followed up by a thorough study of the best methods of 
operating the correctly designed furnace. 


FUEL POSSIBILITIES IN STEEL MAKING. 


Wiuiiam G. KRanz, 
Manager Steel Works, National Malleable Castings Co., Sharon, Pa. 


Mr. Whigham’s most interesting and instructive paper 
has covered the subject very thoroughly, except the utiliza- 
tion of pulverized fuel, and as The National Malleable 
Castings Company at Sharon, Pa., is probably the pioneer 
in the application of this form of fuel to the open-hearth 
furnace, a short history of the experiments will probably be 
of interest. 

When the price of fuel oil, which we were using in the 
open hearth exclusively, began to gradually and persistently 
advance, we were confronted with the necessity of employing 
some other and cheaper fuel. The furnaces that had for- 
merly been operated with producers had been increased in 
capacity so that the producers, flues, etc., were too small, 
rendering the old equipment practically worthless. New 
producer equipment would have involved a large expendi- 
ture of money, so we directed our attention to pulverized 
coal. 


APPREHENSIONS AND HXPERIMENTS. 


Practically all of the steel makers interviewed on the 
subject were very apprehensive as to the bad effects that 
might accrue from the siliceous materials in the ash. One 
quite prominent engineer replied to an inquiry on the sub- 
ject: “The ash from the coal is blown into the slag and 
tapped off with it,”’ which, if it occurred, would make its use 
for the basic furnace prohibitive. We nevertheless felt that 
with extremely fine pulverization the resultant ash would 
be so light that it would be carried by the draft into the 
checkers, and possibly a considerable proportion out of the 
stack. Our assumptions in this regard were substantiated 
by actual trials, which we had decided to make. 

Temporary apparatus was installed after considerable 
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investigation. The pulverized coal was taken in tote boxes 
to the screw conveyors which feed the coal into the burners. 
The burners were placed into the end walls of the furnace, 
as in the case of oil or tar burning. 


OPERATION. 


In order that the experiments would not interfere too 

seriously with the regular operations of the plant, the trials 
were made on Sunday evenings. Slag analyses were made 
at intervals during and at the end of the refining of the metal 
and proved to be normal, showing that very little of the ash 
was deposited in the slag. 
A second heat was made, with similar results. We then 
decided to discontinue the experiments and proceed to install 
permanent apparatus. The first furnace was equipped and 
has since made several hundred heats, operating practically 
continuously, using different grades of coal, modifications 
of the burners, and changes in checker construction. 


CONCLUSIONS. 


There are three essential requisites in the use of pulver- 
ized fuel. 

First: The fuel must be very fine; and, in our judg- 
ment, better economy will result if carried to a greater 
degree of fineness than suggested in Mr. Whigham’s paper. 

Second: The fuel must be dried, expelling all moisture 
possible. 

Third: Adequate means for removing ash from the 
checkers and flues must be provided. 

There are no metallurgical difficulties involved in the use 
of pulverized fuel except the increase of the sulphur in the 
metal, and that is directly in proportion to the amount of 
the element in the fuel. The increase in sulphur; due to 
the fuel, is not any greater, however, than that in the case 
of producers using the same fuel. 

We feel justified in the belief that the quantity of fuel 
used per ton of melt will be less than that of the best pro- 
ducer practice. 


TREATMENT OF BLAST-FURNACE FLUE DUST. 


Eucene B. CiarKk, 


Vice-President and General Manager, American Sintering Company, 
Chicago, Ill. 


Flue dust is the solid material which is carried over by 
the gases escaping from a metallurgical furnace. That 
produced by blast furnaces, which is the only kind that will 
be considered in this discussion, consists of ore, coke and a 
small amount of limestone, in proportions depending upon the 
materials charged to the furnace, the manner in which the 
furnace is operating, and, to a certain extent, upon the lines 
of the furnace. Every blast furnace is provided with dust 
catchers and generally other equipment to trap the flue dust, 
the objects being to clean the gas and capture the dust. 
The amount of flue dust produced by a blast furnace varies 
greatly, but in this country it perhaps would be fair to say — 
that on an average the blast furnaces permit about 3 per cent. 
of the total charge to escape from the top of the furnace in 
the form of flue dust.. On this basis, there would be approxi- 
mately 3,000,000 tons of flue dust produced in this country 
per annum. Inasmuch as the iron content of blast-furnace 
flue dust is within a few per cent. of being as high as the iron 
content of the ore charged into the furnace, the annual loss 
of iron in flue dust produced and wasted is enormous. A few 
years ago it probably could have been said truthfully that a 
million tons of iron were thrown away each year in this 
country, in flue dust. Of course, iron in flue dust is of no 
value until recovered, still, the annual loss through un- 
recovered flue dust at the present time runs into figures 
sufficiently large to warrant close attention on the part of 
the blast-furnace interests to methods of recovery. 

The subject is one which has attracted the attention of 
blast-furnace men for many years, and many unsuccessful 
efforts have been made to develop efficient processes for re- 
covery. At first sight the problem would not seem to be so 
difficult, but, as a matter of fact, blast-furnace flue dust is a 
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refractory material to handle cheaply and to reduce success- 
fully. As a consequence, many earnest efforts to recover 
flue dust have been unsuccessful and have resulted in the 
loss of considerable money. It is perhaps safe to say that 
even to-day many furnace plants throw their flue dust away, 
not only failing to recover the iron contained therein, but 
being actually at an expense to ship the material out to be 
used as filling. Millions of tons of flue dust have been used 
for fill under railroad tracks throughout the iron districts of 
this country. The increasing use of fine ores and the in- 
creasing size and pressures of blast furnaces have increased 
the production of flue dust during recent years to such an 
extent that many furnace plants, even though making no 
attempt to use flue dust at present, nevertheless do save it 
and put it into stock. Even this is objectionable, however, 
for the cost of handling into and out of stock piles forms a 
considerable addition to money tied up in flue dust. 


PROPERTIES OF FLUE Dust. 


Before proceeding to a discussion of the various existing 
methods for recovery of flue dust, it may be of interest to 
consider briefly the properties of this material. As stated 
above, it consists of iron ore, coke and limestone, in varying 
proportions. The iron ore is extremely fine, or it would not 
have been carried over by the gases. It is a fact that very 
fine particles of iron ore are generally purer oxides than the 
larger portions. Therefore, the metallic content of the iron 
ore in the flue dust is generally higher than that of the ore 
being charged to the furnaces. The carboniferous element 
of the flue dust is in the shape of coke, a considerable 
portion of which is very fine and is intimately mixed with 
the ore dust, and the remaining portion of which is in large 
pieces that are carried over when the furnace slips. Most 
of the limestone also is in large pieces, ejected by furnace 
slips. If flue dust is passed through screens of about one- 
inch mesh, the large pieces of coke and stone will be removed 
and may be returned to the blast furnace without further 
treatment. If the flue dust has been wet, considerable fine 
dust will adhere to the coarse pieces screened out, but the 
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coarse material can still be used to advantage in a blast 
furnace. In the material passing through the screen there 
will be from 10 to 25 per cent. of coke dust and from 35 to 50 
per cent. of iron. The fineness of the dust will be such that 
from 60 to 90 per cent. of it will pass through a 40-inch sieve 
and from 20 to 70 per cent. of it will pass through a 100- 
mesh sieve. The particles will be so graded as to fineness 
that the material, if saturated with water and jarred slightly, 
will pack together in a dense mass which will be difficult to 
handle, even with a shovel. When packed in this manner, 
flue dust is practically impervious to moisture and is so dense 
as to be almost impossible to handle, even with a clam-shell 
bucket. On the other hand, the same dust, perfectly dry, 
will run almost like water, and if agitated in the presence 
of any breeze will blow away, forming clouds of dust. The 
fine particles of coke present give the flue dust excellent 
abrasive qualities, so that machinery, used for conveying 
or treating flue dust, is subject to severe wear. These state- 
ments will make clear some of the difficulties involved in 
treating flue dust, and it is the lack of consideration of these 
points that has led to-so many disappointments in efforts 
to handle flue dust on a large scale. 

The chemical analysis of flue dust depends, of course, on 
that of the ore being smelted in the blast furnace. The iron 
oxide present in flue dust is generally richer in iron than was 
the iron oxide of the original ore. This is due to two reasons: 
First, the finest portions of the original ore generally are the 
purest. Second, the iron oxide contained in the flue dust 
has been in the blast furnace and subjected to the reducing 
actions going on therein. Thus some of the iron oxide has 
been partially reduced. If the furnace is working steadily 
and smoothly a smaller portion of the iron is reduced. If, 
on the other hand, the furnace is slipping badly, then much 
of the flue dust originates far down in the stack and is more 
completely reduced. Thus flue dust is far from homogeneous 
even as regards its iron content alone. This fact explains 
the great difficulty encountered in any attempted magnetic 
separation of flue dust, for the magnetic permeability of the 
different oxides varies through wide ranges. 
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Such elements as phosphorus, sulphur, silica, and other 
usual constituents of flue dust, vary widely in accordance 
with the varying conditions under which the dust is produced. 
To sum up, it may be stated that blast-furnace flue dust is a 
shining example of heterogeneity as regards almost any 
quality that it possesses. While it may seem rather foolish 
to be considering so carefully the qualities of a material so 
lowly as flue dust, still, after all, it is from lack of just such 
consideration that difficulties and disappointments are en- 
countered when efforts are made to handle and treat the 
material which we are discussing. 


Metruop or UTILIZATION. 


Innumerable efforts have been made to recover flue dust. 
Only a comparatively few such efforts have been sufficiently 
serious and sufficiently successful to be dignified by the name 
process, but even as it is, there are enough methods to 
warrant grouping under four general heads, as follows: 


First. Utilization as flue dust. 

Second. Recovery by briquetting. 

Third. Recovery by roasting. 

Fourth. Recovery by treatment in a rotary kiln. 


The utilization of flue dust directly in the blast furnace, 
as flue dust, has been attempted many times, at practically 
every furnace plant. When the blast furnace is new and 
working smoothly, it is possible to add a percentage of flue 
dust to the furnace burden and smelt it like an ore. Gen- 
erally, however, the result of charging flue dust into a blast 
furnace is to blow it out*again in the shape of dust; or, if the 
flue dust is retained in the charge, its fineness permits it to fill 
up voids between the larger pieces comprising the charge and 
to interfere with the passage of gases through thejcharge. 
It is almost universally conceded by furnace men/jthat the 
direct utilization of flue dust is disadvantageous. If this 
were not so, we would have no flue dust problem. 

Numerous attempts have,been made to treat flue dust in 
a pugging mill or mixing pan by adding to it a certain amount 
of water and some binding”material. One plan was to use 
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clay as the binding material. This, of course, would be dis- 
advantageous in that the charging into a blast furnace of 
alumina is merely adding to the charge a material containing 
no iron, which must be taken through into the slag at the 
expense of greater fuel consumption. 

Another plan contemplated the use of burned lime as a 
binding material. The result of mixing in a pugging mill 
water, flue dust and lime, would be to make a sort of mortar 
or concrete, which could be charged into the blast furnace 
and retained there successfully. The cost of the lime and the 
handling of the flue dust, however, is more than the value 
of the iron recovery in the furnace. 


BRIQUETTING. 


Briquetting consists primarily in squeezing together small 
portions of flue dust, either with or without some form of 
binder, resulting in the formation of bricks, which either may 
be charged into the blast furnace without further treatment, 
or may be subjected to a subsequent heat treatment before 
use. ; 
Schumacher Process. The Schumacher process consists 
in mixing with flue dust a small amount of liquid containing 
some such material as magnesium or calcium chloride in 
solution, then thoroughly mixing the flue dust to produce as 
nearly a homogeneous mass as possible, and finally passing 
it through a briquetting press capable of producing high 
pressures up to about 6800 pounds per square inch. It is 
claimed that the liquid which is added produces a catalytic 
action upon the constituent elements of the flue dust, so that 
the briquettes, even though they are not very solid when 
first made, nevertheless tend to harden with age to a point 
where they may be charged into a blast furnace without 
physical disintegration. It is to be observed that briquettes 
formed of flue dust fresh from the blast furnace are firmer and 
less subject to disintegration than briquettes made from old 
flue dust. Perhaps the presence of a small amount of dehy- 
drated limestone in the fresh flue dust may assist materially 
in holding together bricks made from the fresh dust. This 
process has been tried out to only a very slight extent in this 
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country, though it is understood to be used considerably 
abroad. It might really be grouped under the preceding 
general heading, for these briquettes are in reality untreated 
flue dust put into shape to resist immediate rejection from 
the blast furnace. 

Scoria Process. This method involves the use of granu- 
lated-blast-furnace slag and lime as a binder. Magnetically 
concentrated flue dust, thoroughly mixed with the binding 
agents, is pressed into the form of rectangular bricks and then 
subjected to the action of live steam for several hours. The 
result is a brick which is much firmer and more durable 
under shock than briquettes made by the previously de- 
scribed method, though, on the other hand, the process is 
more costly and involves the addition of non-ferrous material, 
thus reducing the iron content in the brick and making it 
less advantageous for charging into a blast furnace. These 
briquettes are quite fusible and fairly satisfactory as to dur- 
ability, even though they are formed under pressures much 
lower (approximately 1500 pounds per square inch) than 
Schumacher briquettes. Also, they are much more porous. 

Grondal Process. This method consists in forming 
briquettes of moistened flue dust without any binder, piling 
these briquettes carefully on small platform cars and running 
the cars into heating ovens, where the briquettes are sub- 
jected to a high temperature over a considerable period of 
time. The carbon contained in the briquettes is burned out, 
causing a sintering action throughout the briquette, which 
causes the final formation of a firm, yet porous brick. This 
process has formed the basis of the development in this 
country of what might be termed the Tunnel Kiln briquetting 
process. So far as the writer knows, the Grondal briquetting 
process is little used for flue dust, though it has been applied 
in several instances in this country for the treatment of fine 
ore concentrates. 

Tunnel Kiln Briquetting Process. The especial feature 
of this method, as developed at the works of one of the large 
steel plants of this country, is the production of a material 
suitable for use in an open-hearth furnace. As is well known, 
iron oxide when used for oreing down a basic open-hearth 
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charge should be high in iron and low in silica content. 
The iron oxide in flue dust, being comparatively pure, is 
especially suited for this purpose. The carboniferous con- 
tent of flue dust, on the other hand, is high in silica, so that 
concentration of the flue dust is necessary. At the plant 
referred to, much work has been done on the development of 
concentrating methods. The flue dust, after being screened, 
is thoroughly dried in drying apparatus such as is commonly 
in use for drying fuel. The dried dust then is subjected to a 
magnetic separation, from which the heads carry about 60 
per cent. iron and 1 per cent. coke. The tails from the mag- 
netic separators are screened over 20- and 60-mesh screens, 
and the fine material taken to air separators. The heads 
from this separation are added to the heads from the mag- 
netic separators. This separating plant is the best, and, in 
fact, the only successful solution to date of the problem of 
concentrating flue dust, a problem which, for the reasons 
outlined above, involves great difficulty. This plant pro- 
duces a concentrate running nearly 60 per cent. iron, about 
7 per cent. silica, and a little over 1 per cent. carbon, from 
flue dust running about 50 per cent. iron, 10 per cent. silica, 
and 10 per cent. carbon. ~In the process there is a loss of about 
10 per cent. of the original iron content of the flue dust. 
The concentrate is then briquetted in a press exerting a 
pressure of about 7000 pounds per square inch and the 
briquettes finally treated by passing them through long tun- 
nel kilns in which they are subjected for about five hours to a 
temperature rising to about 2400° Fahrenheit in the hottest 
zone. The resulting briquettes are unquestionably of high 
quality, both as to durability and porosity, and as to purity 
of composition. They are well adapted for use as an open- 
hearth ore. 


ROASTING. 


The treatment of slimes, tails and low-grade ores by 
mixing therewith a certain percentage of fuel and then roast- 
ing the mass to a sinter, has been practised for many years. 
Inasmuch as flue dust is practically an iron ore, containing 
a percentage of carboniferous matter, it is natural that 


TREATMENT OF BLAST-FURNACE FLUE DUST—CLARK 321 


attempts should be made to sinter this material in a similar 
manner to that above mentioned for non-ferrous waste 
materials. 

Heberlein Pot. With this apparatus, flue dust is treated 
by first thoroughly mixing it into a mass as nearly homogene- 
ous as may be, then charging the same into a large pot 
shaped somewhat like a Bessemer converter and holding 
several tons of material. The material is ignited from the 
bottom and a draft of air forced up through from the bottom. 
The air supports combustion of the carbon contained in 
the mass and the ignition gradually progresses upward. 
The result is to burn out the carbon and to sinter the contents 
of the pot into a solid, though porous mass. When the 
sintering action has progressed throughout the material, 
the pot is inverted and the mass which falls out of the pot 
is broken up into pieces small enough for use in the blast 
furnace. Difficulties experienced on account of the mass 
adhering to the sides of the pot, and the difficulty of breaking 
up the sintered mass after dumping the pot, are serious. 
The process has not been commercially applied to flue dust. 
In order to make it practicable, concentration of flue dust 
would be necessary, or the mixing into the charge of consid- ° 
erable percentages of material such as fine ore, which is 
free from carbon. 

Greenawalt Process. This method involves the same 
underlying principle of roasting or sintering, but differently 
arranged apparatus is employed. The principal difference 
is that the draft is down through the mass of material to 
be treated, rather than up. The pot or pan is of com- 
paratively large dimensions, say eight feet square by about 
twelve inches deep. This receptacle swings in trunnions 
through which air is exhausted from a false bottom similar 
to that used under a Bessemer converter. The bottom of 
the pan consists of grates over which a layer of porous 
material is spread to prevent adhesion of the sintered mass 
to the grates. The flue dust is thoroughly mixed and tem- 
pered with water to obtain a mass as nearly homogeneous 
as possible, and then is charged into the pan, with care to 
obtain uniform distribution and density. A suction fan 
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establishes a draft from the surface of the pan down through 
the material. An oil burner is used to ignite the carbon at 
the upper surface of the pan. Combustion, supported by 
the draft, proceeds down through the mass. When the 
sintering action thus established has reached the bottom of 
the pan, the pan is swung in its trunnions and its contents 
dumped. A certain percentage of material at the top and 
sides of the pan, and occasionally throughout the mass, 
which remains unsintered, may be screened out of the final 
product and returned for mixing into another charge. The 
product of this process is porous and entirely satisfactory 
for blast-furnace use. Most flue dust contains too much 
carbon for the satisfactory carrying out of the process, how- 
ever, and much better results are obtained when a certain 
percentage of material such as fine ore, free from carbon, is 
added to it. 

Dwight and Lloyd Process. Here again the fundamental 
principle is the same as in other roasting processes. The 
essential features of this method are comprised in the form 
of apparatus employed. The draft to support combustion 
during the sintering process is downwards, as in the previ- 
' ously described process, but instead of carrying on the~ 
sintering action in large pots, it is carried on in a much 
larger number of much smaller pans. These pans are joined 
end to end to form a continuous conveyor. The material is 
mixed and moistened to make it as homogeneous as possible 
and then it is charged, with due care to obtaining an even 
distribution, into the pans or pots in which the sintering 
action is to be carried on. The bottoms of these pans are 
formed of cast iron grates, over which a layer of porous 
material is spread to prevent adhesion of the sintered mass 
to the grates. Suction established by means of a fan takes 
air down through the material in the pans into a suction box 
over which the pans progressively pass. Also, ignition of 
the material in the pans is established by means of an oil 
burner under which the pans pass in succession. The sin- 
tering action goes on so long as the pans are over the suction 
box, and shortly thereafter the pans are inverted and the 
sintered material contained therein delivered to screens. 
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Material which passes over the screens is loaded for delivery 
to the blast furnace, whereas the unsintered material which 
passes through the screens is returned for mixture into suc- 
ceeding charges. The product of this process is also porous 
and well adapted for blast-furnace use. Most flue dust 
contains too much carbon for the proper carrying on of this 
process, and much better results are obtained when non- 
carboniferous material is mixed in with the charge to reduce 
the carbon content of the charge. 


TREATMENT IN A Rotary KILN. 


This process, which may be termed sintering, but which 
perhaps is more clearly expressed as nodulizing or clinkering, 
consists in treatment of flue dust in a rotary kiln similar to 
that used in the cement industry for the burning of cement 
clinker. Flue dust without preliminary treatment is charged 
into the upper end of an inclined kiln in which a high tem- 
perature is maintained by the combustion of fuel at the lower 
end. This fuel is generally pulverized coal, blown in with 
an air blast. The material is conveyed through the kiln by 
the rotation thereof and is agitated thereby while subjected 
to the high temperature. The result is to sinter the flue 
dust and to cause the small sintered particles to agglomerate 
into nodules varying in size from an eighth of an inch to an 
inch and a half in diameter and being roughly spherical in 
shape. ‘These nodules are porous and of excellent quality, 
physically and otherwise, for use in a blast furnace. The 
difficulty of conducting this process arises from the tendency 
of the sintered material to adhere to the interior of the kiln, 
accumulating there, and, if not removed, blocking the 
passage of additional material through the kiln. This diffi- 
culty is overcome by a cleaning device, consisting of an 
endless chain carrying metal scrapers. This chain moves 
through the kiln, from one end to the other, while the kiln 
is rotating, and progressively scrapes all of that portion of 
the interior upon which sintered material is liable to accumu- 
late. The speed and tension of the cleaning device are vari- 
able and under control. The speed of the kiln is also under 
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control, thus regulating the time during which the flue dust 
is subjected to sintering action. It is claimed for this 
process that the simplicity and sturdiness of the apparatus 
involved, and the possibility of avoiding preliminary treat- 
ment of flue dust, more than compensates for the fuel 
required to support the high temperature in the kiln. It is 
probable that the sintering action in a rotary kiln is pre- 
cisely the same as the sintering action in blast roasting proc- 
esses, or the sintering action which takes place when flue 
dust briquettes are subjected to high temperature in an 
oxidizing atmosphere. In a rotary kiln, however, the con- 
tinuous agitation of the material during the sintering process 
reduces the size of the voids and makes a material which, 
while entirely porous, still has smaller pores and therefore 
is denser. 


RevATIvE Merits oF VARIOUS PROCESSES. 


_ Naturally it is of interest .to compare these various. 
processes, as to costs of plant required, costs of operation and 
value of the product. A fair comparison, however, is ex- 
tremely difficult to make. As to costs, it may be observed 
that no one, until he is thoroughly embarked in the working ~ 
of flue dust, will appreciate the difficulties involved in han- 
dling efficiently and economically such a material: If at- 
tempt is made to handle by simple means, that is, without 
elaborate machinery, it will be found that the labor costs 
will become serious. If, on the other hand, elaborate 
machinery is used, then a low labor. cost may be obtained, 
but the wear and tear on the machinery will be found to be a 
serious item. Most processes naturally are tried out on a 
small scale at first. During such a preliminary trial the 
dust is handled by simple means, involving rather large 
labor charges. If the difficulties involved in handling flue 
dust cheaply by machinery are not fully realized, it is quite 
natural to take an optimistic view of probable results from 
the preliminary experiments. That is to say, it will be 
assumed that the labor costs can be eliminated by machinery 
installation, but proper allowance is likely not to be made 
for the cost of maintaining and operating machinery used 
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for handling flue dust. As a result, estimates of costs hoped. 
for in a larger plant are not mealiacd: 

With reference to the various processes eeerrel to, it 
is perhaps fair to say that each method has certain cane 
tages as well as disadvantages. For instance, where a low 
cost of operation can be obtained, sacrifice must be made in 
the quality of the product and its value for use in the blast 
furnace. On the other hand, where thoroughly satisfactory 
blast-furnace material is produced, difficulties are encoun- 
tered in the frequent handling of the material to enable the 
attaining of high quality of product. In general, it may 
be said that the principal costs involved in any of these 
processes are those involved in the handling of the material, 
and the simpler a plant can be made to produce a satisfac- 
tory product, the better chance does that plant have to 
secure low costs of operation. ; 

Considerable speculation has been indulged in as to the 
chemical, metallurgical, or thermal action which causes 
sintering. The subject is naturally one of interest, but no 
satisfactory explanation of the sintering action has been put 
forward. It has been suggested that silicate of iron is formed 
which, while fused, serves to bind together the various 
particles. While this theory seems plausible, still analyses 
do not reveal the presence of silicate of iron in sintered flue 
dust, whether formed by blast roasting, briquette roasting, 
or nodulizing. 

The value of sintered flue dust in a blast furnace is also 
a subject of interest. Itis universally conceded that sintered 
flue dust may be smelted in a blast furnace without the pro- 
duction of additional flue dust. Tests show it to be more 
easily fusible than an ore; also the fact that it has been par- 
tially reduced, not only in its original condition as flue dust, 
but in the subsequent sintering action, means that less 
deoxidation is necessary in the blast furnace than ‘in the 
case of raw ore. Physically, flue dust sinter is better than 
any ore, for even the best of Old Range ores contain from 5 
per cent. to 8 per cent. of material which will pass the 100-mesh 
sieve and which therefore will produce flue dust. Sintered 
flue dust, on the other hand, should contain less than one- 
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half of one per cent. of material which will pass the 100-mesh 
sieve. Experience over a number of years, with varying 
percentages of flue-dust sinter, shows that about 10 per cent. 
of it on a furnace burden acts advantageously, making the 
furnace operate more freely and generally with lower fuel 
consumption. 

In conclusion, the writer feels that in justice to himself 
he should state that he is interested in one of the processes 
described above and has been devoting himself to the ques- 
tion of flue-dust treatment by this process for about seven 
years. It is perhaps natural that his judgment as to the 
relative merits of the processes should be biased. In pre- 
senting this discussion, however, he has made the effort to 
give a fair, brief description of all processes, without arguing 
in favor of any. If, in so doing, he has failed to give a satis- 
factory answer to one question in which you are interested, 
as to which is the best process, he must crave your indulgence 
for the omission. Furthermore, it is probably true that the 
final word has not yet been said on any process, and that even 
if one were inclined to draw comparisons at the present 
time, he could not. do so with fairness to all. The writer 
wishes to acknowledge the kind assistance of others who have 
been working in this field, several of them competitors, for 
their courtesy in supplying information. 


TREATMENT OF BLAST-FURNACE FLUE DUST. 


JoHn W. DovuGHERTY, 
President, Pittsburgh Crucible Steel Company, Pittsburgh, Pa. 


Mr. Clark has covered the subject so thoroughly that it 
seems futile to attempt to add anything to what he has said 
on the methods of utilizing flue dust. I will, therefore, confine 
myself principally to the suggestion of a new method, hoping | 
thereby to set at work the master minds that have been con- 
sidering this problem, along another line that may lead to an 
ultimate solution of the problem. The American Iron and 
Steel Institute ought to feel very much indebted to Mr. 
Clark for bringing forward such an extremely important sub- 
ject; because without doubt hundreds of thousands of tons of 
flue dust are thrown away annually which should be prepared 
in some manner and converted into pig iron. The ore thus 
replaced could be left in the ground unmined and conserved 
for future generations. 


Let Us Conserve Our [Ron ORE. 


At the present time, in erecting our new mills at Midland, 
we are receiving from the railroad company large quantities 
of refuse material which we are using for filling. This 
material is delivered to them by different steel companies in 
the western part of Pennsylvania and the eastern part of 
Ohio. I have noticed a large number of cars loaded with 
flue dust which came from blast furnaces, and it seemed a 
pity to throw it away with the granulated slag and ashes, 
when it should have been converted into pig iron. 

I believe that there is plenty of ore available and will be 
for many years to come; but I think you will agree with me 
that the iron ore deposits of the world are not inexhaustible, 
and, therefore, that everything in our power should be done 
to conserve them, even though we have to go to the limit of 
spending as much money in recovering the flue dust and put- 
ting it into a satisfactory condition for use in the blast 
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furnace as would have to be paid for an iron ore of similar 
quality at the same unit price delivered at the furnace. 

To give a concrete example, we will assume the cost of 
an iron ore of a certain quality, delivered at the furnace, to 
be $4.00 per gross ton. We will also assume the cost of 
delivering and treating the flue dust and putting it into 
proper condition, so as to make it similar in quality to the 
above-mentioned ore, to be $1.50 per ton. Therefore, the 
blast furnace is justified in paying the difference, or $2.50 
per ton, simply for saving the flue dust. The estimated cost 
of treatment, $1.50 per ton, is a very conservative figure. I 
know that there are some steel companies that are treating 
the flue dust and putting it into satisfactory shape, using some 
of the methods described in Mr. Clark’s paper, for a consider- 
ably lower figure. 


Direct CHARGING oF FiuE Dust. 


The simplest and cheapest method thus far used for 
saving the dust is wetting the flue dust and charging it into - 
the top of the furnace with the ore and coke, which have 
also received a certain percentage of water. By doing this, 
the flue dust is not only utilized and at least a part of it 
saved, but one also secures a more economical operation of 
the furnace, due to the lowering of the top temperature, 
thus decreasing the opportunity for the reduction of the 
carbon dioxide by the carbon of the coke, as the carbon 
dioxide passes through the upper zone of the furnace. The 
percentage of carbon dioxide is, therefore, increased, and the 
percentage of carbon monoxide decreased. The smaller 
the ratio between the CO and COkj, the greater the efficiency 
of the fuel in the furnace; hence the advantage of the water 
introduced with the fine ore or flue dust, when charged. 

In spite of this method of utilizing flue dust, a certain 
portion of the material charged is blown out of the top, 
caught in the dust catchers, wet again and recharged into 
the furnace, so that an endless chain is established, due to 
the insufficient adhesion imparted to the fine materials by 
the moisture. I haye given this subject considerable thought 
and have concluded that this endless chain can be broken, 
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and the loss of dust from the flue dust and the ore eliminated 
by charging the dust at, or below, the point to which it is 
carried by the adhesive quality given to it by the moisture. 

If you will consider the large quantities of carbon which 
are deposited in the stock in the top of a blast furnace (due to 
the dissociation of the carbon monoxide), all of which carbon 
remains in the stock and is never blown out, except in case 
of a slip, I think you will agree with me that if these infinitesi- 
mally fine particles of carbon are not blown out, but remain 
in the mass, then surely the flue dust, which is made up of 
particles which are as mountains to peas when compared 
with the fine particles of deposited carbon, must remain and 
will descend with the stock as it passes down through the 
various zones of the furnace. 

It might be stated that the extremely small particles of 
carbon are not liable to be blown out with the flue dust, 
because they are deposited in the pores of the small ore lumps. 
It has been proven by experiment that deposited carbon 
causes disintegration of the ore lumps, and a swelling occurs, 
showing that the lumps of ore are broken up into fine 
particles. This is especially true of the more easily reducible 
ores, such as the Mesabi and finer Old Range ores. Now, 
none of this ore is blown out of the furnace; if it were, it 
would be accompanied by the deposited carbon. Analyses 
of flue dust show that all the carbon present is in the form 
of small pieces of coke. 


How To SAVE THE FiLuE Dust. 


When the flue dust is blown out, part of it, as stated by 
Mr. Clark, is in a reduced condition. I have seen the bells 
of dust catchers dropped and have noticed the particles of 
spongy iron become incandescent on contact with the oxygen 
of the air, showing that the reduced iron is being reoxidized. 
When you consider that this reoxidized iron has to be again 
reduced when it is put back into the furnace together with 
the extra cost of handling the flue dust, the added cost of 
nodulizing, sintering, briquetting or whatever other.method 
is used to prepare it for recharging into the blast furnace, it 
seems to me that some simple and cheap way to utilize the 
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dust should be devised. Having that in mind, I would sug- 
gest the following method: 

Cut small openings, evenly spaced around the circum- 
ference, perhaps as many as there are tuyeres, in the side of 
the furnace at the top, having the centers all in the same 
plane and placed about 10 feet below the stock line. Through 
these openings flue dust would be forced at a certain variable 
rate, which is automatically regulated, and is also under the 
control of the blast furnace manager, so that if the furnace 
makes either a considerable or small quantity of flue dust, 
it feeds a proportionate amount. 

If the top of the stock in the furnace for any cause were to 
go below these openings, a dust seal would be maintained 
back of the openings, so that no escape of gas could occur or 
heat get to the mechanism. If the supply of dust fails for 
any reason, the operation of the charging mechanism would 
be automatically stopped. Large pieces of coke and stone 
would be screened out, so that only the finer particles would 
be passed through the charging mechanism. 


PossIBLE OBJECTIONS ANSWERED. 


There might be an objection to charging the flue dust 
close to the wall. This would be overcome by having the 
castings which form the openings water-cooled and project- 
ing a certain distance into the furnace in a manner similar to 
the tuyeres in the hearth. Such castings would offer little, if 
any, resistance to the passage of the stock and would have 
practically no effect upon the distribution. Another reason 
for thinking that there would be no occasion for trouble 
from this source, is that the stock travels downward faster 
in the center of the furnace than along the walls and thus a 
rolling action from the walls toward the center is constantly 
taking place, tending toward an even distribution of the 
flue dust throughout the mass. 

Mr. Clark states that, “Generally, the result of charging 
flue dust into a blast furnace is to blow it out again in the 
shape of dust; or, if the flue dust is retained in the charge, 
its fineness permits it to fill up voids between the larger 
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Fic. 1.—Elevation of a modern blast furnace, showing dust-catcher and down-comer. 


RAW 
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pieces comprising the charge and to interfere with the passage 
of gases through the charge.” 

I do not quite agree with Mr. Clark, as experience with a 
great many furnaces that wet their ores and flue dust refutes 
this statement. While they do not recover all of the dust, 
they do recover a good portion of it. I have never seen an 
ore too fine to prevent its use in a blast-furnace ore mixture, 
providing it can be kept from blowing out at the top, 
assuming, of course, that the furnace has good lines and that 
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Fie. 2.—Type of flue-dust feeding mechanism. 


a satisfactory coke is used. I think that, no matter how fine 
it is, if it can be gotten into the mass of stock which is filled 
in at the top of the furnace, there will always be sufficient 
voids to permit the passage of the gas as it ascends through 
the stock. For that reason, if, when the flue dust is blown 
out of the furnace, it be caught and put back through the 
sides of the fire with suitable mechanism into the charge 
to which it belongs, there will be no trouble whatever with 
the regular work of the furnace or with excessive blast pres- 
sures. If no flue dust is charged into the top of the furnace 
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_ with the ore, but a mixture exclusively of ore is used and 
water mixed with it, the cohesion of the finer ore particles 
will be increased, so that while some of the fine ore will be 
blown out, yet there will be less flue dust made and less work 
for the charging mechanism to do through the sides of the 
furnace. 


Fic. 3.—Blast furnace, showing feeding apparatus in position and down. 
comer for surplus dust. 


Somr ILLUSTRATIONS. 


I have had this method of utilizing flue dust and fine ores 
in mind for several years. The illustrations will fully explain 
my views. 

Figure 1 shows the elevation of a modern blast furnace 
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with a dust-catcher erected on its top, and a down-comer, 
to convey the gas to the stoves and boilers after it is cleaned. 
Attachments are also made at the bottom of the catcher to 
convey the dust to the feeding mechanism which forces it 
into the furnace. One type of this feeding mechanism is 
shown in Figure 2. 

Figure 3 shows a down-comer which is to be used, provid- 
ing too much dust is made, or if the feeding mechanism, 
for any reason, should get out of repair. This down-comer 
conveys the dust to a reservoir at the bottom of the furnace, 
which, in turn, feeds into railroad cars. 


TREATMENT OF BLAST-FURNACE FLUE DUST. 


Bretuune G. Kuvuex, 


Engineer, American Ore Reclamation Company, New York. 


In the treatment of flue dust or other iron-bearing 
material, the problem of prime importance is the metallur- 
gical value of the product of such treatment. If the product 
of any process of treatment will not give results in the 
operation and fuel economy of the blast furnace equally as 
good as the average available natural ore, such process 
leaves much to be desired. While it is very desirable that 
the flue dust or other material unsuitable for furnace ma- 
terial be converted into usable furnace stock, no compromis- 
ing quality of the material will be considered the ideal solu- 
tion. As a chain is as strong as its weakest link, so a blast 
furnace drives as fast as its least reducible ore. 

By far the most extensively used processes of treatment 
to-day consist of that class using heat as a means of agglom- 
eration. Heat agglomeration naturally implies fusion. The 
extent to which the product has been fused has considerable 
bearing upon its value as a blast-furnace stock. The area 
of contact that the iron-bearing material in the furnace 
gives to the reducing gases determines, in a large measure, 
the rapidity and ease of its reduction. 

In order to illuminate this phase of the much-mooted 
question, some investigation has been made into the ultimate 
or microscopic structure of the products of the various 
heat-agglomerating processes. 


MIcROSsTRUCTURE OF PRODUCTS OF COMPLETE FUSION. 


Obviously the least desirable feature of a product of 
heat-agglomeration is that embodied in the well-known 
mill or heating furnace cinder (see Figure 1). This material 
is known to be a product of complete fusion as well as the 
least reducible of all materials charged into the blast furnace. 
In the process of producing this material it is essential that 
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Fic. 1—Heating Furnace Cinder, show- 
ing crystalline structure of iron sili- 


cates, enveloping black opaque iron 
oxide. 


Fic. 2.—Puddle Cinder, showing amor- 
phous structure of iron silicates, envel- 
oping black opaque iron oxide. 


Fic. 3.—Open-hearth Slag, showing amorphous and crystalline structure of 
silicates of iron, enveloping black opaque iron oxide. 


— 
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the material attain the state and the temperature of com- 
plete liquefaction before automatically flowing out of the 
furnace. This material, being of known and _ perfectly 
agreed upon characteristics so far as its behavior in the 
blast furnace is concerned, was chosen as the natural starting 
point of a study of the series of materials. Being slowly 
cooled from a liquid state, the constituents of the heating 
furnace cinder having the highest melting point will naturally 
be the first to solidify. It is clearly shown in the micro- 
section that, in freezing out, this material assumes a needle- 
like form. This crystalline substance is the black opaque 
iron oxide completely enveloped in the perfect glass of silicate 
of iron, which is freely liquid after all the iron oxide in excess 
of that needed to combine to form the silicate has solidified. 
The iron-bearing component of this class of body is as im- 
pervious to the reducing gases as if it were hermetically 
sealed in a glass tube. Indeed it is more so, because such 
hermetic sealing in this case is carried down to microscopic 
proportions. . 

A very similar material to the heating furnace cinder above 
discussed is puddle cinder (see Figure 2). Its formation 
consists of the oxidation of the metalloid (silicon) from the 
pig iron in the molten bath to silica, and instantly combining 
with sufficient iron. oxide to form the neutral and liquid sili- 
cate of iron, which liquid body dissolves additional iron 
oxide. Upon rapid cooling, the constituents identical with 
those of heating furnace cinder, just described, separate out 
in the same manner, except that the rapid cooling breaks up 
the matrix into smaller bodies. Since it rapidly attains its 
heat of formation and is quickly cooled, no definite form is 
assumed by the crystals. The light-tinted silicate of iron 
is more predominant here than in the heating furnace cinder. 

Open-hearth slag (see Figure 3) as a furnace stock falls 
naturally into the same category as the two previously de- 
scribed materials. Its ultimate structure is a combination 
of the two analogous ones just shown, and needs no further 
description. 

These three products show the two elementary constitu- 
ents that are involved in the heat-agglomeration of iron- 
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bearing materials. Iron oxide is shown opaque and black as — 
a microscopic constituent; and iron silicate, the binding, 
sealing and enveloping constituent, is recognizable under the 
‘microscope as a lilac-tinted translucent body. This is the 
body it is essential to keep down to an absolute minimum 
in order that the product be susceptible to the action of the 
gases in the blast furnace. int 

Products representative of other processes follow under 
the same investigation. They naturally find their proper 
place in the series with the proportion of this enveloping 
glass of silicate present. Its identity as a micro-petro- 
graphic constituent is clear, definite and positive. 


MicrRostrRUCTURE OF AGGLOMERATES OF Pyrires CINDER. 


The Heberlein or up-draft agglomerate of pyrites cinder 
(see Figure 4) shows both the crystalline and amorphous de- 
velopment of iron silicate. The analogy of the entire struc- 
ture to the various products of complete fusion, taken as a 
basis of this study, is quite obvious. The iron oxide is in 
great excess due to the very high iron content of the pyrites 
cinder from which it is made. With the use of polarized 
light, under the microscope, no free silica is seen. This is 
obviously due to the high temperature at which the sinter 
is produced, converting all the silica present to the silicate 
of iron. This body has the enveloping and sealing influence 
noted in the slag products of the preceding descriptions. It 
is doubtful if any of the iron would be reduced by the gases 
in the reducing zone proper of the blast furnace. 

Rotary kiln nodules from pyrites cinder (see Figure 5) 
show considerable of the biaxial intersecting translucent 
crystals of silicate of iron and a large area of the amorphous 
variety of that body. This combination of the two shows 
a lack of homogeneity in the process. The absence of any 
free silica shows the high temperature employed in this 
process. The rolling action of the process of production 
tends to seal all pores or microscopic cells as fast as formed. 
This probably accounts for their entire absence. Although 
a comparative examination of the Heberlein agglomerate 
with this shows that the former was subjected to the higher 
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Fie. 4—Up-draft or Heberlein Sinter, Fic. 5—Rotary Kiln Nodules, iron sili- 


translucent iron silicates in both crys- cate shown in same forms as above, 
talline and amorphous form, enveloping analogous to complete fusion products. 
and sealing iron oxide. Cellular struc- Cellular structure absent. 


ture absent. 


Fic. 6—Down-draft or Dwight and Lloyd Sinter, showing complete absence of sili- 
cates of iron in any form. Black opaque iron oxide only. Cellular structure uni- 
formly developed. 
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temperature, the latter preserved no cellular structure what- - 
ever. The reducibility of this material written in its micro- 
structure is indeed very low. 

The Dwight and Lloyd sinter from pyrites cinder (see 
Figure 6) shows here a microstructure distinctive in its com- 
plete absence of any silicates in either form, as noted in the 
preceding specimens. The black opaque iron oxide has the 
field exclusively, and is interspersed with innumerable 
microscopic pores, which in the lower structure is analogous 
to the cellular structure of the microstructure. This par- 
ticular specimen was made from a piece representative of a 
large tonnage. About seven per cent. of fuel was employed 
in its production, and the sulphur in the raw material was 
three per cent., which was reduced to .08 per cent. in the 
_ sinter. 

The prevailing temperature control which is character- 
istic of the continuous form of the down-draft sintering 
process is doubtless the feature which makes this product 
possible. 

The cellular structure, combined with the complete ab- 
sence of the enveloping and sealing silicates, makes this 
material very close to the ideal as regards reducibility in the 
blast furnace reducing zone. 


MICROSTRUCTURE OF AGGLOMERATES OF FLUE Dust. 


The Heberlein.or up-draft agglomerate of flue dust (see 
Figure 7) shows a predominance of the glass-like silicate of 
iron. 

The particular specimen here studied was no doubt made 
from flue dust high in carbon, as is quite essential where the 
up-draft blast roasting principle is applied. The crystals of 
silicate shown in the microsection are well defined, unbroken 
and continuous for the range shown. This indicates that 
complete liquid fusion existed for a short time in this section. 
The fern-like biaxial crystals have the same general structure 
as that of the heating cinder. They are smaller from the 
fact that the cooling effect of the upward current of air 
interfered with their growth. A few minute pores are seen 
in a single field, but do not appear to communicate. 
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Fic. 7—Up-draft or Heberlein Sinter, Fic. 8.—Rotary Kiln Nodules, showing 


showing both amorphous and crystalline translucent amorphous iron silicates 
structure of iron silicates. Slight cellu- predominant. Cellular structure ab- 
lar structure. sent. 


Fic. 9.—Down-draft or Dwight and Lloyd Sinter, showing all translucent silicates 
absent. Black opaque iron oxide exclusively seen, with cellular structure well 


developed. 
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The microstructure consists of cell walls many times the 


diameter of the cell itself. It is dense and resembles in its 
full structure the mill cinder, as does also the microstructure. 
The reducibility of such material with the iron oxide sealed 
up from the action of the reducing gases will be essentially 
very low. ; 

This process is largely in use in Europe and is the 
material there specifically referred to by the term ‘‘sinter,”’ 
which term in this country covers many heat-agglomeration 
products. 

The rotary kiln nodule from flue dust (see Figure 8) pre- 
sents a microstructure very similar to that of the pyrites 
cinder nodule. There is present a considerable area of the 
amorphous form of the silicate of iron. This field shows no 
free silica. No large crystals of the silicate are noted, but 
several microscopic pores. These two facts are attributed 
to the presence of fine coke in the flue dust, being fed with 
the material, hence entrapped in the mass as it attains a 
certain degree of plasticity, and being then oxidized, partly 
by direct action on the iron oxide, and partly from the air 
current. Such a condition with its consequent escaping 
gas will produce a eell in the material and at the same time 
break up the crystals by agitation. Such cells will have 
little advantage, however, as regards the reducing gases in 
the blast furnace, as the rolling action during the plastic 
state of the particles will evidently close the pores as rapidly 
as they are produced. 

Dwight and Lloyd sinter from flue dust (see Figure 9) 
shows the same characteristic ultimate structure as that 
made from pyrites cinder by the same process. There is a 
complete absence of any silicate of iron. However, with the 
use of polarized light, the microscope reveals a portion of 
free silica, showing that the temperature control was such 
as to effect the agglomeration by incipient fusion while keep- 
ing the temperature below that of the formation of the 
silicate of iron. ‘The field consisting exclusively of black 
opaque iron oxide has, furthermore, the characteristic cellular 
structure. Such structure, with its entire absence of any of 
the enveloping and sealing silicates, has obviously a permea- 


a 


TREATMENT OF BLAST-FURNACE FLUE DUST—KLUGH 343 


bility to surrounding gases which no other artificial or natural 
product can approach. 


MicrostrucTuRE oF DwicHtT AND Luoyp SINTER. 


The next microsection (see Figure 10) is that of a product 

of the Dwight and Lloyd down-draft process made from a 
-mixture of blast-furnace flue dust and pyrites cinder. This 
mixture contains the three bases, BaO, CaO and MgO, which 
will produce a tribasic slag. “Such easily fusible constituents 
probably account for the presence of the small amount of 
crystalline structure noted. These crystals, however, differ 
widely from the lilac-tinted silicate of iron referred to in the 
foregoing specimens. The crystals here noted are all pure 
white; are neither biaxial nor intersecting. These observa- 
tions show the crystals to be the silicates of the above bases 
rather than that of iron. The temperature was never suf- 
ficiently high to produce the silicate of iron, but was kept at a 
very low point by the use of only 6 per cent. of fuel, which 
resulted in desulphurizing the mixture down to .09 per cent. 
The cellular structure of this microsection is very notable, 
showing a regularity of microscopic pores. 

The ultimate structure next considered (see Figure 11) 
is that of the product of the Dwight and Lloyd down-draft 
agglomeration of the well-known eastern Pennsylvania 
magnetite, Cornwall ore. The black opaque iron oxide pre- 
dominates. Very little silicate is shown, but a large amount 
of free silica is seen with the use of polarized light. This 
shows that complete fusion has been avoided. The silica 
content of this sample is about 18 per cent. If the tempera- 
ture were not controlled and the agglomeration not effected 
at a low temperature, a large portion of the glass-like silicate 
would result. As such is not the case, it forcibly refutes the 
statement of a recent technical paper that ‘‘if the ore is low 
in iron, say 50 per cent., then any process of sintering will 
probably produce a clinker, similar to mill cinder; that is, 
it will be completely fused.” The product here shown is 
plainly of only incipient fusion, containing none of the 
characteristics of mill cinder. 

Flue dust usually contains more carbon than is necessary 
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Fig. 10.—Sinter from Pyrites Cinder and Fig. 11.—Sinter from Cornwall Ore. 
Flue Dust. 
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Fig. 12.—Sinter from Magnetic Concentrates and Flue Dust. 
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for its agglomeration by the Dwight and Lloyd process. 
In such case it is advantageous to use this extra fuel in 
the agglomeration of some other fine material requiring 
such treatment. In this case we have equal parts of flue 
dust and magnetic concentrates (see Figure 12), which mix- 
ture brought down the carbon to one-half that in the original 
flue dust. The microstructure of the cell wall of the prod- 
uct shows a complete absence of any translucent silicates. » 
The black opaque iron oxide predominates. The micro- 
scopic porosity and the characteristic rough line of the in- 
ternal border of each of the pores are most notable features. 

Magnetic concentrates from Norway (see Figure 13) 
were sintered by the Dwight and Lloyd process. These 
concentrates contained about 70 per cent. of iron. Due to 
their fineness (all through a 100-mesh sieve) and also to 
their high refractoriness, incident to the high iron content, 
the sintering at first proved rather difficult. By carefully 
regulating the porosity of the bed and using about 10 per 
cent. of coke breeze containing 25 per cent. ash, the sintering 
was accomplished with a beautiful strong cellular product 
as the result. It is believed that with any process employ- 
ing a neutral heat alone, agglomeration of this material 
would be exceedingly difficult. The slag-forming material 
is almost entirely absent; there is present only an amount 
equivalent to about 214 per cent. of the product, derived 
from the ash in the coke. That such a small proportion of 
slag can act as an effective binder is doubtful. The action 
which accounts for the agglomeration in this case may be as 
follows. A small portion of the iron is reduced in the in- 
cipiency of the progressive sintering action. This is due 
to its intimate contact with the coke particle as it reaches 
incandescence. “As the carbon of the coke is consumed, the 
reduced iron being in an infinitely fine state is at once re- 
oxidized. As the heat of this reoxidation of the iron at 
immediately local points is enormous, it will no doubt bring 
adjacent particles to incipient fusion, agglomerating them 
effectively, yet maintaining numerous intercommunicating 
channels as the result of the simultaneously passing air 
current. 
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netic Concentrates. ' Concentrates. ; 

4 

b 


£m, ©) v 


Fia. 15.—Sinter from Magnetically Concentrated Flue Dust. 
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What has just been said of this specific sample of sin- 
tered magnetic concentrates applies to all sintered products: 
of concentrated or high-grade magnetites. A microsection 
of a magnetic concentrate of an eastern magnetite, sintered 
by the Dwight and Lloyd process, is shown (see Figure 14). 
Little is seen in the section but the black opaque iron oxide 
constituent. As there is a minimum of silica to form the 
silicate, practically none of the latter is present. Myriads 
of microscopic cells give it an area of contact to the reducing 
gases, which no natural ore has, and which distinguishes it 
radically from the denseness characteristic of all magnetic 
ores. om 

Dwight and Lloyd sinter from magnetically concentrated 
flue dust (see Figure 15) has a microstructure which is not 
particularly different from that of magnetic concentrates from 
magnetites. The black opaque iron oxide with its cellular 
structure is the exclusive element of the field. 

The microstructure is somewhat different from that of 
magnetite concentrates sinter. It is more fragile and hence 
breaks down to pieces of fist size, while the former product 
is in pieces of several pounds. 

There was of course an absence of silicates, as there is 
practically no silica from which to form them, even if sufficient 
heat were present to produce them. 

_Entirely aside from any fundamentals of microscopic 
petrography, the three last shown specimens demonstrate 
the microstructure of pure iron oxide. From this the con- 
stituent shown in the first specimens can be determined. 


SUMMARY. 


A comparison of the products of the different processes 
is conclusively in favor of the process employing the least 
degree of heat and the lowest fusion. The products last 
described being made with gases passing through them will 
freely allow the furnace gases to pass during treatment in 
the blast furnace. 

The foregoing comparative study of the ultimate struc- 
tures of the products of the several processes for agglomera- 
tion of iron-bearing fines lays down several salient facts: 
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(1) Silicate of iron is the constituent of heat-agglomer- 
ated materials which retards the reducibility of such 
products by enveloping the iron oxide and hermetically 
sealing it against the action of the furnace gases. 

(2) The presence of this objectionable constituent is due 


to the high temperature employed in the agglomerating - 


process. 

(3) Agglomeration may be effected at such temperatures 
and with such control of the time element as to produce an 
agglomerate entirely free from this silicate. 

(4) Where the latter conditions are attained, the incident 
porosity of the product, consisting of intercommunicating 
channels from 14-inch size down to microscopic size, con- 
tributes materially to the ideal reducing requirements of 
the blast-furnace material. 

An agglomerate which embodies the characteristics of 
freedom from the sealing constituents of fused silicates and 
at the same time has a permeability allowing free action of 
the gases on an infinitely large area is essentially one o 
maximum reducibility and hence of greatest value as a blast- 
furnace stock. 
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THE USE AND DEVELOPMENT OF REFRACTORIES 
IN THE IRON AND STEEL INDUSTRY. 


Harry W. Crort, 
President, Harbison-Walker Refractories Company, Pittsburgh, Pa. 


Manifestly impossible as it is to cover other than in the 
briefest manner the subject under discussion in the time at 
our disposal, we yet hope to emphasize a few points in the 
development of refractories in the growth of the iron and 
steel industry. This discussion gives little that is new and 
attempts only to summarize what, from our viewpoint, seem 
to be the tendencies at work. 


REFRACTORIES DEFINED AND CLASSIFIED. 


The word “‘refractories” is taken to mean the materials 
used to resist the action of heat, slags and gases continuously 
at work upon the lining of practically every furnace engaged 
in metallurgical operations. The briefest consideration 
shows their importance when we recall that the blast fur- 
nace and the hot blast stove are merely huge stacks of fire- 
brick enclosed in steel shells. The open hearth is a structure 
of various refractories properly stayed. In such furnaces 
the refractories form the laboratories where heat, slags and 
gases may effect their transformations. 

Classes. In considering refractories we divide them into 
three classes, the quantities of each manufactured in 1912 
according to the United States Government statistics being 
as follows: 


Wire Clay Brick... s.02005 45 snetiesetse cee: 778 millions, or 83.8% of total 
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We will discuss them in the order of their importance, 
beginning with fire clay brick. 
Fire Cuay Brick. 


Fire Clays. Fire clays are essentially silicates of alumina, 
varying widely in their proportions of silica and alumina and 


350 AMERICAN IRON AND STEEL INSTITUTE, OCTOBER MEETING 


in the content of impurities, such as lime, iron, magnesia 
and alkalies. They are formed by the disintegration and 
decomposition of feldspathic rocks. 

Coal Measure Clays. In a general way we divide all 
clays geologically into two classes, those that occur in the 
coal measures and those of other measures. We again 
separate coal measure clays into two classes: the flint vein, 
lying within the Pottsville Conglomerate series, and all the 
other clays occurring higher in the coal measures, known as 
Upper Vein Clays. The latter may be considered as solely 
plastic clay. So far the known deposits of the flint clay 
of this formation are restricted to limited areas in Penn- 
sylvania, Maryland, Ohio and Kentucky. 

Clays in Other Measures. Of the clays in other measures, 
scattered bodies of flint clay occur in Missouri, but the 
deposits differ from those in Pennsylvania. They occur in 
pockets or sink holes of limestone formations. 

However, the majority of these clays are probably of the 
Cretaceous Period. Such Cretaceous clays of New Jersey 
and practically all those of the Southern and Western States 
are as a whole less refractory than the best flint clays, but 
some of them have other virtues not possessed by the latter. 

As the iron and steel industry requires a large percentage 
of high grade fire brick, and since the majority of these 
brick are made of the coal measure flint and plastic clays, 
we will in discussing manufacture confine ourselves to these 
two clays. Various mixtures are used, ranging from about 
90 per cent of flint and 10 per cent of plastic in the most 
refractory brick, to a brick of the least refractoriness, made 
entirely of the plastic clay. 


MANUFACTURE OF FIRE Cuay Brick. 


Handmade Brick. The clays mined and properly selected 
are broken into small lumps, mixed in suitable proportions 
and ground in the wet pan to the proper degree of fineness. 
.The mass is then moulded into shape, tempered on a hot 
floor, repressed, thoroughly dried and burned at a tempera- 
ture of 2,600 to 2,650 degrees Fahrenheit. This is the old 
handmade process. 
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This brick is open, porous and well adapted to withstand 
sudden changes of temperature. Many departures from this 
process have been tried and various machines employed in 
the different stages of manufacture. In many cases there 
has been a speedy return to the handmade process, while 
in others a better brick has been developed for certain uses. 

Machine Made Brick. In the high grade brick, the most 
noticeable development in the machine made product is in 
the manufacture of blast furnace brick on a steam or other 
powerful press. 

The machine made brick is denser by seven to eight 
per cent. than the handmade one. Most of the cheaper 
grades of brick are made by machinery. 


Uses or Fire Cray Brick. 


As to the uses and development of fire clay brick, we 
will consider definite examples, such as the blast furnace, 
open hearth, etc., the conditions to which the brick are 
subjected, and how far these materials answer reasonable 
demands. 

Blast Furnace. For a blast furnace lining three kinds 
of brick are made: For the hearth and bosh, a brick of 
maximum refractoriness and one capable of resisting the 
action of the fused or semi-fused furnace contents; for the 
inwall, a brick to stand high heats and abrasion; and for 
the top, a dense and tough brick to withstand the wear of 
the stock and resist the action of the gases. 

The introduction of the water cooled furnace, with its 
lining of twelve inches or less, necessitated the use of the 
highest grade of refractories available, and the blast furnace 
operator and brick manufacturer co-operated in making a 
brick of more uniform dimensions and of much greater 
density than heretofore, without sacrifice of refractoriness. 
This was accomplished by a mixture of clays giving the 
minimum of shrinkage and by manipulation designed to 
increase their bond to the maximum. The brick were 
finally: made into twelve-inch blocks on a steam press. The 
result was a lining that fulfilled the expectations of all con- 
cerned. 
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The furnace in which this lining was put was blown 
out after an eight months’ run, to make some slight changes 
in the shell. The lining had taken on a thin coating of 
carbon which, when chipped off, exposed the face of the 
brick in many cases with the original skin intact. In mak- 
ing a twelve-inch lining of such great density, backed by a 
water cooled jacket, there was naturally some apprehension 
as to whether it would spall. An examination showed that 
no spalling occurred. It also resisted the abrasion of the 
stock and channeling blast, and was practically impermeable 
to gases. A number of these linings have since been in- 
stalled. 

Several years ago a committee appointed by one of our 
largest iron and steel interests made an exhaustive study of 
refractories to combine practical operating experience with 
the knowledge of the brick maker in producing, if possible, 
better brick. The result of their study of blast furnace 
Jinings led to a specification for blast furnace brick calling 
for a minimum of impurities and of consequently higher re- 
fractoriness than the standard linings. To produce this 
brick without loss of bond, the carefully drawn specification 
called for special treatment in almost every department of 
the manufacture. Two handmade linings were made under 
this specification. . ; 

A few years previous to the above development, at the 
request and with the co-operation of a well-known blast 
furnace manager in the Chicago district, several linings 
were made, with the object of producing a lining somewhat 
more refractory and at the same time denser and tougher 
than the standard linings. These were made in a manner 
very similar to those just mentioned, the principal difference 
being in less hand picking, re-handling and washing of clays, 
with a saving in cost. They also were hand made. 

In summarizing the three developments cited it is of 
interest that each of the three efforts to improve the old 
standard lining approached the problem from a somewhat 
different angle. 

The making of the steam pressed linings for the thin 
lined furnace aimed directly at a brick of much greater 
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density and toughness, without sacrificing any refractori- 
ness. 

The second method undertook to materially increase 
the refractoriness of the brick, at the same time maintaining, 
if possible, the bond of the standard furnace brick. 

The object of the, third method was to increase both the 
refractoriness and toughness of the brick, in a lesser degree 

possibly, than in the other two cases, but without materially 
increasing the cost. 

All three ‘are refinements of manufacture with varying’ 
degrees of additional cost. As a furnace often runs four or 
five years on one lining, the determination of the qualities 
in a new lining is naturally slow, requiring a series of runs to 
cover the varying conditions under which different furnaces 
are operated. 

At present blast furnace men are calling for the hand- 
made and machine-made linings in about equal numbers. 
The present machine-made lining includes as many as 
possible of the good points of the first steam-pressed lining 
referred to, without all of the extra treatment of clays and 
consequent higher cost. In one point apparently the 
machine-made brick should be superior, and that is in fur- 
nace tops. It is also possible to make it of more regular and 
uniform dimensions than by the handmade process, thus 
insuring better brick laying. 

Hot Blast Stoves. In hot blast stoves fire brick act merely 
as a thermal reservoir, yet are subject to widely varying 
temperatures, to enormous loads, and in many cases to 
the fluxing action of the flue dust in unwashed gases. 
Again we note a development in the use of brick of greater 
density and higher refractoriness, with a decided tendency 
to substitute a higher for a lower grade brick. 

Another recent development is the use of silica brick in 
the flash walls and domes. This materially increased the 
life of the stoves where used. . 

Blast Furnace and Stove Piping and Connections. Al- 
though in blast furnace and stove piping and connections 
high temperatures are not involved, mere density in the brick 
is insufficient; toughness is requisite. In recent years a 
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high grade brick specially designed for this use has proved 
economical. ; 

Open Hearth and Soaking Pit. What we have said of 
stove brick applies to the checker brick used in open hearth 
furnaces and soaking pits. Here again the tendency is 
unquestionably toward the use of a higher grade brick. 

Heating Furnaces. The practice in many heating and 


welding furnaces is particularly severe on brick, for we 


encounter here extremely high temperatures and often 
sudden variations in temperature. Limited as we are by the 
refractoriness of the clays at our disposal, any substantial 
betterment in results must come from improved furnace 
design, or the substitution of silica for clay brick. 

Boiler Settings. A remarkable development in the use 
of fire brick for boiler settings has taken place in recent years. 
It was but a few years ago that the words “boiler brick”’ 
were synonymous with a second or third grade material. 
Today no fire clay brick is considered too good if it mate- 
rially lengthens the service. 


For the side walls many are finding a blast furnace brick _ 


economical, and even expensive bauxite brick is sometimes 
used because of its greater resistance to clinkering. Under 
modern conditions of increased grate areas, mechanicalstokers 
and forced draft, any: or all of which-may be involved in the 
common practice of working boilers from 50 per cent. to 
150 per cent. over rated capacity, the problem of the boiler 
setting is no small one. 

Gas Producers. At first sight the gas producer has no 
real lining problem, yet today certain producer manufac- 
turers have entirely discontinued the use of other than the 
highest grade of brick, and are experimenting with various 
linings, including bauxite brick. 


SILICA Brick. 


This brings us to the second division of our classifica- 
tion, namely, silica brick. 

Rock. The silica bricks manufactured in Pennsylvania 
are made from a quartzite that occurs in the Medina and 
Oneida sandstone formation. While extensive, these meas- 
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ures carry good rock only in limited but well-defined areas, 
the most familiar being the Mt. Union and Hollidaysburg 
districts. 

The Baraboo quartzite of Wisconsin, from which brick 
are made in the Chicago district, is of an older formation 
and is also found in limited areas. 

The rock from which silica brick are made in Alabama 
has not yet been distinctly located geologically. The de- 
posits are comparatively small and widely scattered. 

The Alabama and Pennsylvania rocks are of a grayish 
color, while the Wisconsin rock is of a reddish appearance. 
Their analyses vary but little. 

Manufacture. In the manufacture of silica brick, care 
in the selection of rock is most important. At the quarry 
the rock is broken and at the works crushed into small pieces 
and ground to the proper fineness in the wet pan, two per 
cent. of lime usually being added for bond. The brick are 
manufactured in a manner similar to that used in making 
clay brick, but are burned at a higher temperature. 

We believe the silica brick of today are better than they 
were several years ago. The workmanship is better; the 
brick are tougher, due to improved methods of making; 
and they are better annealed. 

Use. The high refractoriness of this brick, its slight 
expansion under heat and exceptional conductivity have 
increased its use in the manufacture of iron and steel enor- 
mously. It would be rash to hazard a guess as to its future 
possibilities. 

Open Hearth. In the open hearth, whether basic or 
acid, its use is no longer restricted to the side walls, blocks 
and roof, but is extending to the checkers, roofs and walls 
of the regenerators. 

The marked increase in the life of the open hearth roof 
in recent years is noteworthy. Only a few years ago an 
average of 250 or 275 heats was considered fairly good. 
Today an average of 400 to 500 heats is not uncommon, and 
single runs up to 800 or 900 heats are frequent. While by far 
the Jarger share of the credit for this marked change is un- 
questionably due to improved furnace design, methods of 
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operation and better brick laying, we believe some credit 
is due the better silica brick being made today. 

By-Product Coke Oven. In the by-product coke oven 
is seen the greatest development of recent years in the use 
of silica brick, displacing clay and quartzite brick com- 
pletely above the oven floor and in certain portions beneath. 
It has developed surprising qualities in withstanding un- 
avoidable changes in temperature and in meeting actual 
operating conditions. 

This use of silica brick is wholly an American develop- 
ment. A few years ago 24-hour coke was normal; today 
by the use of silica, with its greater refractoriness and con- 
ductivity, it is possible to make 15-hour coke. 

Crucible Practice. In Eastern crucible practice silica 
has today displaced clay brick in fully 90 per cent. of the 
tonnage. 

Heating Furnaces. We have in heating furnaces one of 
the newer uses. It has in gas-fired pipe-welding furnaces 
proved a great economy and is adapted wherever there are 
no sudden changes of temperature. In the roof of large 
span and small rise the absence of shrinkage gives silica an 
advantage. . 

Boilers. As a whole, there are too rapidly varying tem- 
peratures in the boiler arch to render its use satisfactory, 
but where the boilers are gas fired, and sufficient care is 
exercised to prevent sudden changes of temperature, the 
worth of silica brick has been demonstrated. 


Basic, oR Magnesite Brick. 


There now remains the third division of our classifica- 
tion, namely basic refractories. 

Magnesite. The introduction of the open hearth process 
for making steel called for a refractory material for lining the 
bottoms and sides of furnaces that would resist the action of 
basic slag. The oxide of magnesium or magnesite, as it is 
called, was found best adapted to the purpose. Magnesite 
occurs in nature in two forms: the white or amorphous variety, 
and the crystalline form. In its natural state magnesite 
contains from 48 to 52 rer cent. of carbonic acid gas, which 
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must be driven off before the material is suitable for furnace 
work, and the difficulty of thoroughly calcining this white 
amorphous magnesite makes its use as a refractory imprac- 
ticable. The crystalline form used by steel makers is 
found in Austria, Hungary and Sweden. The crude mag- 
nesite is burned in shaft or rotary kilns, crushed, sorted and 
sacked, ready for furnace bottoms or to be made into brick. 
An approximate analysis is as follows: 


Magnesia... 5.2. 5.0. ce ce cee ce eee ee eines 82 to 88 per cent. 
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A magnesite of this composition will flux sufficiently in 
a furnace to make a hard vitreous bottom, or if burned into 
brick will have a strong bond. 

Manufacture. The process of manufacturing magnesite 
brick differs but little from that employed in making other 
brick. The temperature of burning, however, is very high, 
approximating 3000 degrees Fahrenheit. 

Use. The major portion of magnesite and magnesite 
brick used in the iron and steel industry is for the bottoms 
of basic open hearth furnaces and in the side walls ex- 
tending above the slag line. This material is also widely 
used in the ports and blocks, and many furnaces are now 
being constructed where the end walls and uptakes are built 
of it. The bottoms and side walls of electric furnaces of 
certain types are also of magnesite. Magnesite brick are 
being generally adopted in iron and steel furnaces wherever 
basic slag is encountered. . 


CHROME BRICK. 


Chrome ore, or chromite, is coming into general use in 
steel making on account of its refractoriness and resistance to 
both acid and basic slags. It is a mineral that is practically 
neutral. It occurs widely distributed, being found in North 
America, Turkey, Greece, Japan, New Caledonia, Cuba and 
Africa. 


In practice a chrome ore running from 40 to 50 per cent 
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chromic oxide and from 3 to 7 or 8 per cent. silica makes the 
best refractory. 

In the form of brick this material is used in open hearth 
furnaces, soaking pits and dolomite kilns. It is also ground 
and used as a patching and daubing mixture for repairing 
jambs, side walls, ports and blocks of open hearth furnaces. 
The process of making chrome brick is practically the same 
as in making magnesite brick. 


CONCLUSIONS. 


In summarizing this review of the use and development 
of refractories there are certain points that will bear em- 
phasis, even at the expense of repetition. 

We note the frequent use of magnesia and chrome brick 
to resist basic slags, displacing a high grade fire clay brick. 

We see silica brick displacing clay brick where the maxi- 
mum refractoriness is required and where the variations in 
temperatures permit. 

We have a higher grade of fire clay brick displacing the 
Jower grades. 


In these, as well as other instances that might be cited, 


this tendency is apparent, namely, the gradual substitution 
of the higher grade refractories for the lower. 

The number and. variety of difficult shapes is fast in- 
creasing. Brick work is laid with greater accuracy. Today 
Jess than half the clay or cement formerly used for laying is 
employed. 

As in other lines of manufacture, specifications are be- 
coming more rigid. Fire brick manufacturers are now work- 
ing under specifications that several years ago were con- 
sidered impossible. 

The brick maker is somewhat limited in his efforts to de- 
velop his product by the fact that in the past twenty-five 
years no new beds of fire clay of a quality better than 
formerly used have been discovered. These clays all have 
their well defined limits of refractoriness. Therefore, to 
meet new conditions, he is limited to a mixture of known 
clays in various proportions, with suitable additions of 
calcined clay; to grinds of various degrees of fineness; to 
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burns of varying degrees of hardness; and to special treat- 
ment of the clays. After a careful hand selection, any effort 
to increase the refractoriness by a further elimination of even 
a, small percentage of impurities involves much rehandling, 
weathering and washing, and is therefore costly. 

The future development of refractories will be interesting. 
The uses of silica are fast increasing; the field for basic 
refractories is widening, and it is probable that further re- 
fnements in the making of fire brick will justify the cost. 
This development presents problems for the iron and steel 
manufacturer as well as the brick maker, and we ven- 
ture the opinion that with their continued co-operation much 
ean yet be accomplished toward meeting the constant de- 
mands of the iron and steel industry in their efforts to 
increase their output. 


THE USE AND DEVELOPMENT OF REFRACTORIES 
IN THE IRON AND STEEL INDUSTRY. 


AmMBROSE N. DIEuL, 


Superintendent of Blast Furnaces, Carnegie Steel Company, Duquesne, Pa. 


Mr. Croft in his most interesting paper has described in 
a very clear and coneise manner the occurrence and uses of 
what we generally term refractories. He has brought out 
the fact that it is the refractory element that makes possible 
the handling of the intense heat reactions encountered. 
When the processes of reduction of oxides and the oxida- 
tion of metalloids were first unfolded, the question of a 
receptacle in which this work could be performed became 
an equally important one; and from that time engineering 
has devoted itself to the development of an economical and 
efficient support for the built-up crucible wherein the various 
reactions are carried on. 


Factors or REFRACTORINESS. 


The ideal refractory material should possess the following 
qualities: 

1. Ability to prevent heat losses through radiation. 

2. Ability to withstand the heat to which it is subjected 
without altering its chemical or physical relations. 

3. Sufficient hardness to prevent abrasion and yet not 
spall. 

4. Low expansion and contraction. 

5. Inertness to the chemical reactions taking place. 


Up to the present time we have not found the material 
which will meet perfectly all these specifications. One class 
of refractories will satisfy certain of the above requirements, 
but will fail in others. We must, therefore, select for our 
various processes that material which posesses the most of 
the desired factors, and gracefully overlook the qualities 
which are lacking. That we are doing this is shown by the 
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selection of different proportions of clays for the various 
demands in blast-furnace requirements, and the combina- 
tion of the silica roof and basic bottom with a neutral zone 
in open-hearth practice. This and other examples show the 
careful selection of the material which will best utilize the 
various factors in the fulfillment of the required conditions. 
This same line of reasoning is applied to all the operations 
requiring the use of refractory material. The refractories 
encountered in these processes are principally oxides, either 
alone or in combinations, and are primarily of a high fusion 
point. 


BLAST-FURNACE LININGS. 


In the blast furnace with its reducing atmosphere, 
abrasive material, corrosive slagging reactions and high 
temperatures, we find from our present knowledge the 
material best suited to be a brick, made of clay, silicate of 
alumina, or a mixture of clays having different properties so 
proportioned as to suit the nature of the conditions imposed 
in the different points of the furnace as follows: 


Top. The top brick is generally a mixture of flint and 
plastic clay, in which the latter greatly predominates to 
give it hardness and ability to withstand the continuous 
abrasion of the stock sliding off the bell. In modern practice 
numerous devices have been suggested and tried for the pro- 
tection of the lining at this point in the furnace. Cast iron 
wearing rings of varied design have given the best results, 
so that at this particular point the difficulties have to a 
_ great extent been overcome. 

Hearth and Bosh. The hearth and bosh brick is a m1x- 
ture of flint clay with only sufficient plastic clay to give ita 
bond. The proportion is such as to withstand the intense 
hearth and bosh temperatures and slagging actions in these 
regions. Bronze cooling plates and water-cooled boshes 
have aided greatly in keeping the temperatures of the brick 
below their fusion and fluxing point, and have protected 
these portions, with the result that a hearth and bosh will 
generally last a million ton campaign. 
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Inwall. The so-called inwall, situated between the top 
and the hearth and bosh, is often left to the mercy of the 
stack reactions, and it is in this portion of the furnace that, 
in modern practice, the most violently destructive chemical 
reactions take place. The temperature ranges from 1200° 
to 2500° F., and. the brick should therefore be both 
hard and refractory. A compromise mixture of clays 
between the top and the hearth and bosh proportion is used. 
It is here that further investigation should be concen- 
trated, as 90 per cent. of the blast furnaces are blown out 
because of failure at this point. In almost every furnace 
at about 30 to 35 feet from the top the lining starts to cut 
back at an angle of 12° to 14° with the vertical toward the 
shell, and again starts to slope from the shell at an angle of 
18° to 20°, approximating the original thickness at the bosh. 
The brickwork generally for about 10 feet above the mantle 
is very little effected. It is in this inwall portion that the 
temperature is sufficient to effect the calcination of the lime- 
stone and free the CaO, with all its avidity for combination. 
Any localization of high heat at a point where calcined lime 
or alkalies are in contact with the brick may bring on incipient 
fusion or softening ‘and greatly assist in the failure at that 
point. <A case of irregular fillmg or unequal driving may 
cause the coarse material to deflect to one side and allow the 
easy passage of hot gases through the consequent course of 
least resistance, and further this local heating. Varied slag 
constitution, light burdens and high air volumes, are con- 
ducive to hot tops and high melting furnaces, and therefore 
consequent stack temperatures sufficient to cause a fluxing 
action in the inwall portion. In almost every case of blowing 
out, when material is found clinging to the sides of the stack, 
free lime is greatly in evidence, and as much as 40 per cent. of 
soda and potassa have been found. The brick surfaces are 


frequently vitrified. Abrasion is the other great factor 


entering. And, as the tendeney of the brick is to soften 
with heat, the abrasive action is much more pronounced if 
the brick is further softened by fusion. That the inwall 
becomes thicker again above the mantle on the average 
cut out lines is further evidence that the lime has become 
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partly satisfied with the materials in the charge and is not 
so eager to attack the brickwork. The portion about 
20 to 25 feet above the mantle we may, therefore, term the 
zone of maximum erosion, as here the combination of heat, 
fluxing and abrasion is most destructive. 

The above explanation will go a long way toward account-. 
ing for the so-called cutting out of linings at a fixed point. 
Cooling plates have been inserted in the stack in a number of 
instances, some with good success, but others with less 
good fortune. Some of the installations have been cast iron 
L plates; others bronze plates. They have been placed 
flush with the inside wall, and back various distances. The 
most successful of these have been those having the plates 
18 to 24 inches from the face, thereby allowing the furnace 
a certain latitude in forming its own lines. The thin-lined 
water-cooled furnace performs the same cooling functions, 
i.e., keeps the brick sufficiently cool to retard chemical action 
and have them retain most of their original hardness to with- 
stand abrasive and chemical action. That this is true is 
shown by a 13-in. thickness of brick wall, which has stood in 
some of our thin-lined furnaces for considerable periods with- 
out being effected. Most thin-lined furnaces, however, 
fail very rapidly should a small defective spot be formed, 
due principally to the wall having little stability in itself, 
and, therefore, the bricks fall in slowly, until a serious lining 
condition arises. Angle-iron projections have been used to 
hold the brick in sections, which is a step in the right direc- 
tion. In some of our latest furnaces using outside cooling, 
the wall is made thick enough to withstand a small local 
failure without disturbing the brick above it. If the above 
deductions are correct, either a chemically inert material of 
hard and refractory nature, with little heat expanding prop- 
erties, or a further development of a proper water-cooling 
system should put the durability of the inwall on a par with 
the top and bosh. 

Stoves. The requirements for stove practice should be 
such as to have the brick withstand pressure and be so ground 
as to absorb and release heat rapidly without spalling. The 
brick on the top of the checker work should be refractory, 
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burned hard and be capable of withstanding high heat. 
They should also be burned at such temperature as to assure 
all shrinkage being removed, as if this is not done at the 
kiln, it will be done in the stove, with the consequent twist- 
ing and warping. 


MACHINE AND HAND-PRESSED BRICK. 


To proceed a little further with Mr. Croft’s remarks on 
different methods of manufacture, there was formerly a 
prevalent opinion that hand-pressing of brick was a necessity 
and that machine-pressing turned out a product which was 
not so durable. This feeling is passing, as the brick made 
in machines have a better appearance and are truer to size, 
besides equaling if not exceeding the hand-pressed ones in 
durability. A comparison of a hand-pressed 9-inch brick 
with a 9-inch machine-pressed one made from the same 
material and manufactured in the same plant is given 
below. The machine-pressed brick was superior in shape 
and appearance. 

In examining the relative merits of machine-pressed and 
hand-pressed fire brick certain determinations and simple 
tests are exhibited. First quality 9-inch fire clay brick 
were taken as samples. As shown in the following tabula- 
tions the apparent specific gravities were compared. Those 
for hand-pressed brick were found to average 2.01 for five 
samples, and for steam-pressed brick 2.13 for five samples. 
Hight of these bricks were tested for spalling when chilled 
from high temperatures, but none showed any signs of chip- 
ping off either when air cooled, when suddenly immersed 
in water, or when sprayed. One specimen of each being 
tested for absorption of water, it was found that each took 
up 4.12 per cent. of its volume or 6.02 per cent. by weight 
for the hand-pressed and 5.76 per cent. for the steam-pressed. 
By these tests it appears that the steamed-pressed brick 
has a density 6 per cent. greater than the hand-pressed 
brick, and that it is just as capable of withstanding sudden 
changes in temperature. 

From our experience in handling brick in sheds for stock 
and rehandling for use, reports show a breakage loss of 50 per 
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TEST OF FIRST QUALITY BRICK, 9-INCH STRAIGHTS. 


Sample peat gs Dimensions, Weight, | Weight Specific 
0. Byested Cubic Contents. Ounces. | per Cu. In.| Gravity: 
1 Brean Saphire Roly as er 2.15 
2 Hand oes \1 q12.0 1.18 2.03 
3 Steam | ne \ 122.5 1.26 2.16 
4 Hand ee ee ite 1.18 2.03 
5 Steam elie aracet }] 119.0 1.24 2.13 
6 Hand a | 107.0 | 1.16 1.99 
7 Steam |{ A341 x28 x85 } -119.0 1.24 2.13 
8 Hand |{ no 108.0 1.16 1.99 
9 Hand Apb x ote x98t \) 108.0 C17 2.01 
10 Steam 43ox Qe x 8PR | 121-5 123 eit 


Average weight per cu. in.—Steam-pressed brick, 1 24 o2. 

Average weight per cu. in.—Hand-pressed brick, 1. 17 02. 

Average specific gravity—Steam-pressed brick, 2.13 02. 

Average specific gravity—Hand-pressed brick, 2.01 oz. 

Samples 1 and 2, twelve minutes in forge, one-half of brick heated to white 
heat and immersed in water. 

Samples 3 and 4, thirty minutes in forge, immersed in water. 

Samples 5 and 6, fifteen minutes in forge, air cooled. 

Samples 7 and 8, fifteen minutes in forge, sprayed with water. 

Samples 9 and 10, both soaked in water 48 hours. 


cent. less in the steam-pressed than the hand-pressed ones. 
This is also true regarding breakage in transit. Considerable 
money is thus saved to the consumer and the maker. For 
some purposes, such as irregular shapes, hand-made brick 
will always be preferable. The cost of laying the machine- 
made brick, due to its more perfect shape and less breakage 
in handling, will also be a great factor in its favor. 


RELATION OF REFRACTORIES TO Cost oF PRODUCTION. 


When refractories are looked at from a replacement 
standpoint, we find what an important item we are dealing 
with. Refractory material is in most cases rightfully con- 
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sidered a renewal, as it is in this sense the large refractory 
expense is incurred. There is very little scrap value accru- 
ing to this account. The depreciation and amortization 
period is very short when compared with buildings and 
machinery. The average open-hearth furnace will last 
five to six months, and a blast-furnace lining about four 
years. Our expense for materials for open-hearth renewals 
during the first six months of the year 1913 amounted to 
approximately $150,000, of which 78.30 per cent. was ex- 
pended for refractories. The cost of the material used in 
the last six blast-furnace linings approximated $175,000, 
of which 66.08 per cent. was expended for refractories. There 
is another greater expense incurred, namely, that due to 
gradual loss of efficiency as the brickwork erodes, and the 
decreased tonnage per unit from time lost in renewal. 


CONCLUSION. 


From a monetary standpoint the problem of refractories 
is of equal if not more importance than the economies 
accruing from increasing steam efficiency a few per cent. 
or bettering the load factor several per cent. at large expendi- 
tures; and the refractories should not be overlooked when in- 
vestigating betterments~in practice conditions. As Mr. 
Croft has indicated, refractories do indeed play a most prom- 
inent part in the industry, and demand an exhaustive and co- 
operative study from both the consumer’s end, where new 
materials and progressive practices result in ever-changing 
demands on the refractory materials, and from the manu- 
facturing end, where the proper material should be adjusted 
to meet the ever-changing conditions arising from such 
progression. By a clear understanding of the exact condi- 
tions to be met and the concerted efforts of both parties, there 
is no question but that the present assumed amortization 


period can be greatly extended with benefit to all parties 
concerned. 
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THE HISTORY AND PROBLEMS OF THE STEEL ° 
WHEEL. ; 


‘Joun C. NBALE, 
Structural Engineer, Carnegie Steel Company, Pittsburgh, Pa. 


The history of an industry may be divided into three 
periods: First, the inception of the original idea by one or 
more persons as reflected in the earliest patents which are 
taken out in that art of manufacture; second, the reduction 
of the ideas to actual practice by the pioneer manufacturer, 
who, in addition to mechanical and inventive ability, is in 
command of sufficient resources to execute ideas by the de- 
sign and operation of adequate machinery; third, the im- 
provement of processes of manufacture by subsequent in- 
vention and mechanical skill until the art is standardized 
and the output becomes more or less perfect. 

So far as the Patent Office is concerned, these stages are 
represented in the first instance by a few applications 
scattered over many years; the second stage is represented 
by numerous patents taken out in a few years by the original 
pioneer manufacturer and by his competitors whom his 
success calls into existence, and the third stage is marked | 
by the discontinuance of patent applications along the 
fundamental lines and by the issue of a few patents covering 
minor details of improvements in machinery. 


VARIETIES OF WHEELS. 


The solid cast iron wheel has been, as far as the United 
States is concerned, for many years the simplest form of 
manufacture, and thereby the logical successor of the 
wooden wheel. 

When speeds and loads increased, it became necessary 
to find a substitute for cast-iron wheels, and this substitute 
took the form of forged and rolled tires applied in numerous 
ways to some kind of a center—cast iron centers, paper 
’ centers and cast steel centers. 
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A steel tired wheel on a cast steel center has been, in the 
minds of users, entirely satisfactory with the one exception— 
that of loose tires, but devices for holding the tire in place 
have been perfected to such an extent that loose tires are 
not prevalent except when the tires become well worn. 
This loose tire feature, while possibly not a serious factor, 
must, however, have suggested opportunity for improve- 
ment, and undoubtedly caused many people to give con- 
siderable thought to making the entire wheel of one piece. 
The difficulty was to design machinery of sufficient strength 
and simplicity to produce perfect results. The first rolling 
machines were constructed simply for the purpose of truing 
the rim of the cast iron or cast steel wheels rather than to 
produce a solid rolled wheel from a bloom or ingot. 


THe First PERIOD. 


On July 11, 1854, United States Letters Patent No. 11243 
were issued to Hartson, which described a machine for rolling 
and forging wrought car wheels from plate iron discs. This 
machine had a pair of rolls having the contour of a car wheel 
tread and flange, and these co-operated with interior rolls so 
as to roll tread, flange and web at the same time. These 
rolls were not positively driven, but were frictionally engaged 
by the wheel disc, which was chucked upon a positively driven 
shaft. 

In Letters Patent to Vanstone, No. 37368, of January 
6, 1863, a machine was disclosed embodying two rolls which 
had the contour of a car wheel tread and flange and were 
positively driven. These rolls co-operated with an anvil 
roll and hammer in developing a rim and flange at the per- 
iphery of a plate iron dise. 

More recently Mr. Henry W. Fowler, of Chicago, Illinois, 
on October 6, 1886, took out Patent No. 351,430, covering 
machinery for rolling car wheels. The object of Mr. Fow- 
Jer’s invention was to economically correct such peripheral 
variations as are liable to exist in solid steel wheels, and 
also to condense and toughen the tread and flange. 

In a later patent, No. 394,565, issued to Mr. Fowler on 
December 18, 1888, he proposed to employ cast steel blanks, 
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each having a hub in its desired or finished form, a web of 
the desired thickness, and a rim thicker than desired in the 
finished wheel. This patent covered a method of working 
such a blank so as to develop the rudimentary flange into 
perfect form, accurately shape the tread, and reduce the 
thickness of rim, only slightly changing the diameter of the 
wheel. 


Mr. Fowler continued to develop his ideas along this 


Jine, taking out his final patent, No. 715,777, on December 
16, 1902, combining in one machine the rolling operation 
described in Patent No. 394,565 and the truing operation 
described in Patent No. 351,430. 

In the meantime, Mr. Otto Nioggemeier, of Sharpsburg, 
Pa., had invented in 1883 a machine for rolling car wheels 
from discs, Patent No. 305,706, issued September 23, 1884. 
Samuel T. Hughes, of Canonsburg, Pa., also invented in 
1887, Patent No. 366,109, issued July 5, 1887, a machine 
for rolling car wheels from solid steel or iron blooms, his 
mill being arranged somewhat on the Universal idea.. 


None of these inventions, however, seems to have borne 


any fruit, although it is noteworthy that Patent No. 361,479, 
dated April 19, 1887, issued to Theodore W. Bean, of Nor- 
ristown, Pa., and reissued on December 24, 1889,. as Re- 
issue Patent No. 11,048, covers a machine for rolling car 


wheels from ingots and is assigned to the Continental Steel: o« 


Car Wheel Company of the same place, indicating that a r ; 


company of that name had been organized for the actual 
manufacture of solid rolled wheels. It is also of interest to 
note that Mr. Bean conceived the idea of rolling the flange 
with a side roll set immediately on a line with the axis of 
the wheel and with the web rolls acorn-shaped and inclined 
at an angle of approximately 45 degrees after the same 
method now followed in rolling the Schoen steel wheel. 

Mr. Chas. T. Schoen began to experiment with the man- 
ufacture of the rolled steel car wheel in 1898, and had 
associated with him Mr. Henrik V. Loss, of Philadelphia. 
The first patent covering the manufacture of what is now 


known as the Schoen steel wheel was taken out by Mr. , 


Loss on August 12, 1902, No. 706,674, covering a machine 
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for rolling car wheels from circular ingots. The wheel 
itself as an article of manufacture is covered by Loss Patent 
No. 746,538, issued December 8, 1903, for a one-piece forged 
and rolled steel wheel having the hub and approximately 
one-fourth of the adjacent web forged, the axle hole 
punched, and the remainder of the web and the rim rolled 
to a finish. The apparent fact that a solid rolled steel 
wheel could be made and made fairly economically, together 
with his conviction that there would be a demand for such 
a wheel under heavy capacity freight cars, caused Mr. 
Schoen to organize a company for their manufacture. 


THE SECOND PERIOD. 


The organization of the Schoen Steel Wheel Company on 
May 11, 1903, and the beginning of the manufacture of steel 
wheels by the Standard Steel Works Company in the early 
part of 1904, marked the first step in the second period of 
this industry. This period may be said to have extended 
from 1903 until July, 1908. 


From the start the serious problem seemed to be what - 


quality and form of steel blank should be used, and, as was 
natural, the first blanks were made by casting circular steel 
ingots, with which the first forging operations were started. 
These wheels, which were first made December 5, 1903 , 
were quite successful as far as outside appearance went, and 
as defects were discoverable only by service, the manufac- 
turers’ efforts were devoted to introducing experimental 
wheels into various kinds of service. 

During 1904 the Schoen Company sold 748 36-inch 
tender wheels, 378 36-inch passenger train.car wheels and a 
few miscellaneous size wheels, a total of 1,134. 

In 1905 their success was quite remarkable in that their 
sales materially increased, the total being 22,332, the Penn- 
sylvania Railroad, Philadelphia Rapid Transit Company 
and Transit Development Company of Brooklyn buying 
about 50 per cent., the Pennsylvania Railroad installing 
3,800 in freight car service. 

The year 1906 showed over 100 per cent. increase over 
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1905, the year’s sales reaching 58,590, 14,000 of which went 
into freight car service. | : 

Their sales in 1907 were 54,476, of which 20,500 went 
into freight car service, but in the first six months of 1908, 
probably due to financial conditions, they were unable to 
sell more than 9,363 wheels. 

As far as the Schoen Company was concerned, they 
utilized in the manufacture of wheels the cast steel blank 
’ about a year, and in the fall of 1904 they changed their 
process to the extent of using a blank cut from aslab. This 
blank was about 27 inches square and 5 inches thick, vary- 
ing according to the size and dimensions of the wheel made. 
The use of this blank was continued until the spring of 1911, 
when, on account of the invention of a special shear, it be- 
came possible to roll an ingot into a round about 15 inches 
in diameter, and with this shear cut the blank economically 
into the lengths required to produce the wheel desired. 


Ture THirp AND Last PERIOD. 


I consider that the third and last period in the history of 
solid rolled steel wheels began about the 1st of July, 1908, 
the wheel having gone through all its experimental stages 
and being recognized by both users and manufacturers as a 
merchantable product, over 200,000 being in service. At this 
time the Carnegie Steel Company purchased the Schoen Steel 
Wheel Works; and Midvale Steel Company, Standard Steel 
Works Company and Forged Steel Wheel Company were all 
making wheels on a commercial basis. Greater output and 
experience in manufacturing early brought about consider- 
able reduction in the price, which made the wheel even more 
popular and available for the railroad companies, and as an 
illustration of this, during the last six months of 1908 the 
Carnegie Steel Company alone sold 57,000 wheels; in 1909 
they sold 269,000 wheels; in 1910, 150,000; in 1911, 105,000; 
in 1912, 206,000, and for the first half of 1913, 147,000. _ 

It is interesting to note that the chemical and physical 
properties of the wheels manufactured by all four companies 
are approximately the same, being as follows: 
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Chemical Properties: 


@arbGni. noteemie tia ear creee .65 to .85 

Manganese tr... cmetr-ueaieterctc ss .60 to .85 

Silicon. . yale Bon ate eS USI0On 20 
Plosnnonis. not o eetel ane aan 00 

Sulphur, an bag eet renee .05 

Physical Properties: 

Elastic, Wimiltern cece ae sect ate 70,000 Ibs. per sq. inch 
Trensiles treme tiene aan. rite eee 125,000 lbs. per sq. inch 
Elongation im 2inches......-..-.-. 10% 

Reduction of area.................12% 


but that there are radical differences in the methods of pre- 
paring the steel and forming a wheel. 

One manufacturer starts with an ingot which is rolled 
into a flat slab, from which are cut square blanks, which are 
then sheared to circular form and forged into a wheel; 
another starts with a long polygonal ingot, which is parted 
in a lathe into short cylinders, which are then forged and 
rolled. A third starts with a small ingot cast individually 
for each wheel, which is forged and rolled similar to the 
second method, and the fourth starts with a long ingot 
rectangular in section, which is rolled into a round bloom 
or billet, this round: billet being cut into short cylinders 
forming the individual wheel blank, which is then pressed 
and rolled as in the second method. 

The question of: variation in quality of the different 
wheels, due to the different manufacturing methods adopted 
by the four solid wheel makers, has caused a great deal of 
theorizing and discussion, especially as every solid wheel 
maker has undoubtedly made both good and bad wheels. 
Results as demonstrated by actual service are, after all, 
what count, and the fact that there is not in the minds of 
the railroad companies a great difference in their respective 
qualities is set forth by the fact that the majority of the me- 
chanical people tell their purchasing agents that any one of 
the four makes is acceptable to them. 


PRocESSES OF MANUFACTURE. 


The general process used by the three companies that 
forge and roll their wheels is about as follows: 
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The blank obtained as described above is forged into a 
crude form, only slightly resembling the outlines of a wheel, 
by means of a 7,000- to 10,000-ton hydraulic press fitted 
with dies designed to force the metal from the portion of 
the blank which is eventually to become the web of the 
wheel into the hub-and rim. The piece is heated and forged 
a second time, the dies used in this process being so shaped 
as to produce a form a little nearer that of the finished wheel. 
At this stage the flange of the wheel first appears. After the 
second forging process the hub is punched and the embryonic 
wheel is given a wash heat for the removal of scale, prepara- 
tory to its rolling. 

The rolling mill is a most intricate and complicated piece 
of machinery. The wheel is placed on a spindle in a ver- 
tical position, so that it is engaged by five distinct rolls. 
Two bear with great force against each side of the web, at 
the same time exerting pressure on the inside of the rim. 
Two more engage opposite faces of the rim, and the fifth 
roll resists longitudinal pressure of the web rolls and bears 
against the tread and flange. The action of the web or 
driving rolls rotates the wheel on its spindle. The rolling 
is continued until all irregularities disappear and the wheel 
has reached the proper diameter. 

From this point the wheel is put through certain finish- 
ing processes. The first of these is dishing or coning. 
When placed in the coning press the wheel is symmetrical, 
i. e., a plane passed through the center of the web also cuts 
the center of the tread and divides the hub in half; in other 
words, the hub projects an equal amount beyond each face 
of the rim. , After coning under 1,200 tons pressure, the 
hub projects beyond the back face and recedes from the 
front face of the rim. Under the same press the wheel is 
made truly round by compressing its circumference in a die 
composed of segments of a circle of the proper radius. The 
wheel is now ready for the machine shop, where the hub is 
bored, and, if for other than freight car service, the tread 
and flange are machined. 

The other manufacturer heats the slab which he obtains 
after rolling an ingot, and fabricates it under heavy hydraulic 
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pressure in enclosed dies in such a manner as well-nigh 
completes the formation of the hub and plate, quickly with- 
draws it and places it in a second press where the embryo 
wheel is held by its hub and plate, is pierced through the 
hub to within a fraction of an inch of the rough-bore desired, 
and the entire hydraulic power of the press is brought to 
bear upon the rim of the wheel, or upon its allowable wear- 
ing body, the tread and flange. After being properly cooled, 
the wheels are machined to required dimensions. 


PROBLEMS OF MANUFACTURE. 


This condensed history of the steel wheel with its appar- 
ently rapid growth and quick perfection of product would 
indicate that its success carried few problems, but such was 
not the case. I believe there were as many, if not more, 
problems confronting the manufacturers of wheels as of any 
other article, and the overcoming of the difficulties in such a 
short time seems almost miraculous. 

In the first place, the quality of steel required was ex- 
ceedingly exact. It had to be hard, free as possible from 
pipes and segregation, and then great care had to be taken 
in heating the blank. The early wheel showed shelling 
when in service, and this shelling seemed to be greater in 
the solid wheel than in tires. 

The next difficulty was the one of standardization. In 
steam road service the sizes were fairly fixed, such as diam- 
eters, contours of tread and flanges, and size of hub, but the 
thicknesses of rim were different, according to the ideas of 
the motive power superintendents. 

The objection which was always present in steel tires— 
that of turning, and the corresponding reduction in size, 
necessitating adjustments in brake-rigging and installation 
of machinery for performing this turning—faced the manu- 
facturer when trying to introduce solid wheels into this 
service. He had little to offset these disadvantages in the 
way of price; the high cost of the blanks, and the great 
amount of work required to manufacture the wheels from 
the blanks, ran his cost up to a point where a steel wheel 
had to be sold at a higher price than a’tire, almost as much 
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as a tire and center combined, so that with a center having 
a life equivalent to that of two or sometimes three tires, it 
ultimately cost the buyer less to use steel tired wheels than 
it did to use solid steel wheels. In the one case he was 
buying a known and in the other an unknown commodity. 

These troubles, while great as far as steam roads were 
concerned, were far greater when applied to electric lines, 
where the necessity for interchange did not force the adop- 
tion of a common standard, the diameters varying even for 
the same service. Very few used the same width of rim, 
height of flange was different and the contour of tread and 
flange varied in accordance with the ideas of the superintend- 
ents of car equipment, while the length and projection of 
hub were very rarely the same. In fact, on the same system 
and for the same type of car, different hubs were often re- 
quired. Here again the necessity for turning naturally 
compelled the installation of machinery, blocked their sale, 
as electric roads could not afford the expense; besides the 
amount of reduction in diameter was limited by the clear- 
ance of the motor and steps, and it was often necessary to 
secure a reduction of 2 inches in height or 4 inches in 
diameter, in order to show economies. 

Despite these obstacles to their immediate success, the 
inherent advantages of the steel wheel were sufficiently 
apparent to induce electric roads to try them out, and their 
present popularity is sufficient proof that the advantages 
outweigh the disadvantages. 


Accuracy OF MANUFACTURE. 


To those who have had little experience in the manu- 
facture and use of steel wheels, it should be interesting to 
note the accuracy with which a wheel has to be made in 
order to be merchantable, and while considering these toler- 
ances, do not forget that a wheel is different from any other 
rolled article, in that there is no place for extra metal to go. 
The piece cannot elongate, as the material can in longitudinal 
rolling, without impairing the section; nor can the wheel 
contract when cooling to any appreciable extent without 
warping or losing its rotundity. The one important thing 
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discovered which takes care of this feature is the dishing , 
of the web, but this immediately affects the relation of the 
face of the hub to the rim. 


A list of the tolerances mentioned above are: 


(a) Height of Flange.—The height of flange shall not be ; 
less, but may be ¢ in. more than that specified. 

(6) Thickness of Flange-—The thickness of flange shall not 
vary more than ;; in. from that specified. 

(c) Radius of Throat.—The radius of throat shall not vary 
more than ;/; in. from that specified. 

(d) Thickness of Rim.—The rim may vary in thickness, 
but the variation less than that specified shall not 
exceed ; in. The thickness of rim shall be meas- 
ured from a base line drawn from the intersection 
of the throat radius and the tread, parallel to the 
axis of the wheel. 

(e) Width of Rim.—The width of rim shall not vary more 
than. 4 in. from that specified. 

(f) Thickness of Plate-—The plate may vary in thickness, 
but the variation less than that specified shall not 
exceed 3'; in. for each + in. in the thickness of the 
plate. ; 

(g) Limit Groove-—When limit groove is specified, the 
location of the center of limit-of-wear groove shall 
not vary more than } in. from that specified, and 
its distance from the inner edge of the rim at the 
thinnest point shall not be less than 2 in. 

(4) Diameter of Rough Bore.—The diameter of rough 
bore shall not vary more than 7s im. over nor 
more than { in. under that specified. When not 
specified, the diameter of rough bore shall be + in. 
less than that of the finished bore, subject to the 
above limitations. 

(2) Diameter of Hub.—The diameter of hub may vary, 
but the thickness of wall of the finished bored hub 
shall not be less than 14 in. at any point for bores 
7 in. in diameter or under, nor less than 12 in. for 
bores over 7 in. in diameter, unless otherwise 
specified. The thickness of wall of the hub shall 
not vary more than 3 in. at any two points on the 
same wheel. 

(7) Length of Hub.—-The length of hub shall not vary 
more than } in. from that specified. 
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(k-1) Depression .of Hub.—For passenger-truck wheels and 
wheels of similar design, the depression of hub below 
the front face of rim shall not be less, but may be 
+ in. more than that specified. 

(k-2) Projection of Hub.—For engine-truck wheels and 
wheels of similar design, the projection of hub from 
the back face of rim shall not be less, but may be 
+ in. more than that specified. 

(l) Black Spots in Hub.—Black spots in rough bore 
within 2 in. of either face of the hub shall not exceed 
zg in. in depth. 

(m) Eccentricity of Bore—The eccentricity between the 
tread at its center line and the rough bore shall not 
exceed ;%; In. 

(n) Block Marks on Tread—Block marks shall not exceed 
gz in. in height. 

(0) Rotundity—The wheels shall be gaged with a ring 
gage, and the opening between the gage and tread 
at any point shall not exceed 3’ in. 

(p) Plane.—The wheels shall be gaged with a ring placed 
concentric with a perpendicular to the axis of the 
wheel. All points on the back of the rim equidis- 
tant from the center shall be within a variation of 
js in. from the plane of the gage when so placed. 

(q) Tape Sizes——The wheels shall not vary more than 
five tapes under nor more than nine tapes over the 
size specified. 

(r) Mating.—The wheels shall be mated as to tape size 
and shipped in pairs. 


These tolerances have only been generally accepted for 
two or three years, and in the early days of the steel wheel 
each buyer had a different idea as to what each should be. 


USEFULNESS OF THE STEEL WHEEL. 


It soon became evident, after the difficulties of intro- 
ducing a new article had been overcome and a reasonable 
number were in service, that if the blanks were made of 
good steel and properly worked in the wheel plant, the 
steel wheel was a good substitute for the steel tired wheel 
up to 38 inches in diameter, this being the largest’ solid 
wheel any one tried to make. The early problems were 
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to sell them in competition with this product, and at equal 
or slightly lower figures they were purchased and used in 
substitution for steel tired wheels, the mileage for like 
service being practically the same. 

The increase in the capacity of freight cars necessitated 
stronger wheels than were heretofore used, which caused the 
Pennsylvania Railroad to experiment with steel wheels 
under this class of equipment in 1905. The success they 
had with them established beyond doubt the fact that if the 
process of manufacture could be sufficiently perfected to 
reduce the cost, they would be universally used. This 
caused the manufacturer to study how to make a cheaper 
wheel for this service, and with the cooperation of some of 
the railroads, they secured concessions in tolerances sufficient 
to enable them, with more experience and better equipment, 
to roll a wheel close enough to size and contour to answer 
the purpose of this service without machining the tread and 
flange. This enabled the manufacturer to reduce his cost 
to a point where substantial economies could be shown in 
their use. 

The average mileage of freight. cars is rarely more than 
9,000 miles per ‘year, so that practically no service tests 
showing the total life of a steel wheel under this service have 
been secured up to the present time. The best record 
obtainable is that of wheels which were installed early in 
1906 under 100,000 pounds capacity coal cars for the Ber- 
wind-White Coal Co., which were marked to 110,000 pounds, 
with the usual 10 per cent. overload. These cars were in 
regular service from their mines in Windber, Pa., near Johns- 
town, and have averaged between 22,000 and 25,000 miles 
- per year over a heavy mountain grade. Since their installa- 
tion they have been entirely satisfactory, practically none 
of them having been removed. Most of them have run 
140,000 miles. Some have even gone as high as 170,000 
miles. Due to the use of steel wheels, making it unneces- 
sary to shop their cars for wheel repairs and replacements, 
they can carry their coal with 10 to 15 per cent. less cars. 

There is no longer any argument about the advantages 
of steel wheels as far as strength and safety are concerned. 


1 
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The chief objection seems to be large first cost, but I am sure 
that it will be but a short time until this objection is over- 
come for the reason that the first cost can easily be justified 
when it is realized that the annual sinking fund to be set 
aside each year for the accumulation of money to pay for 
a new wheel when the first one is worn out, together with 
the interest on the original investment, is quite considerably 
less than what would be required to provide a sinking fund 
and pay interest on the investment for cast iron wheels. 
This statement is based on the life that we are justified in 
assuming from past service a steel wheel under this service 
will have, and what the past has shown as to the life of cast 
iron wheels. 

I feel safe in saying that the steel wheel under 100,000 
pounds capacity freight car service will show a saving to the 
user of 5 to 10 per cent. without taking into account the 
additional service which a customer will have in the use of 
his cars, their increased carrying capacity, and the added 
safety. 

The advantages of the steel wheel, for freight car service 
especially, have just begun to be realized, and it is safe to 
assume that their great safety and long life will cause a 
remarkable change in the equipment of railroads in the next 
few years. The enormous trackage required for terminal 
yards and the difficulty of purchasing more land has made 
all railroad people study this problem. The natural solu- 
tion seems to be the use of fewer cars with larger capacity, 
and the first step has been to construct cars with a 70-ton 
capacity. In fact, some roads have gone so far as to con- 
struct for special service cars of 100-ton capacity. Both of 
these types require steel wheels, and with the general recog- . 
nition of the necessity for these high capacity cars, the 
universal use of steel wheels is a foregone conclusion. 


Jupqaxz Gary: In the necessary absence of Mr. Crawford, 
his paper will be read by the Secretary of the Institute, Mr. 
McCleary. 


THE HISTORY AND PROBLEMS OF THE 
STEEL WHEEL. 


D. F. CRAWFORD, 


General Superintendent of Motive Power, Pennsylvania Lines West, 
Pittsburgh, Pa. 


Mr. Neale has so fully covered the subject of the His- 
tory and Problems of the Steel Wheel, and as the length 
of service of what may be considered the developed product 
has been so short, I will only attempt to give you briefly 
the results obtained with the wheels coming under my 
observation. 

The development of the wrought steel wheel has been 
of interest to the management of the railways from two 
viewpoints: 

1. Its use as a substitute for the steel tired built-up 
wheel of various patterns used for passenger equipment 
cars and locomotive tenders. 

2. Its application to freight carrying cars, especially 


those designed for mineral traffic, instead of the cast iron. 


wheel generally used. 

Even in the early stages of the development it was 
apparent that the wrought steel wheels could be produced 
at prices which would warrant their introduction in lieu 
of the steel tired wheel, and consequently a considerable 
number of them are now in service under passenger cars 
and the heavier locomotive tenders. 

The results obtained with the wrought steel wheels in 
such service indicate equal safety, with decreased invest- 
ment and maintenance cost, as compared with those for- 
merly used. 

While wrought steel wheels are now used in large num- 
bers for freight carrying cars, the length of time in such 
service has not been sufficient to give realty conclusive 
information as to the relative economy of the wrought steel 
and cast iron wheels, especially the cast iron wheels of the 
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recently strengthened designs, and made under improved 
methods of manufacture. 

The data available, however, indicates that in the 
wrought steel wheel at the present prices the cast iron 
wheel has at least found a competitor, and that a further 
reduction in the price of the steel wheel will probably lead: 
to their more extended use for freight car purposes. 

Quite a number of the freight cars of 100,000 pounds 
capacity, built immediately after their advent in 1898, were 
provided with cast iron wheels of the lighter designs, and 
as practically all the cars of the capacity named, built in 
the earlier years, were for mineral traffic, the combination 
of light wheels and heavy work resulted in more frequent 
failure and rapid wear than was desirable. Notwithstand- 
ing the fact that the weight of the cast iron wheel has been 
increased from time to time, it cannot be said that cast 
iron wheels in general use today give as good results for’ 
ears of 100,000 pounds capacity, as was obtained with 
similar wheels for cars of 60,000 pounds capacity. 

The above mentioned conditions, coupled with the con- 
struction of cars having capacities as high as 140,000 
pounds, carried on eight wheels, without doubt extended 
- the use of the steel wheel and stimulated their production. 

As an indication of what service may be expected from 
the steel wheel, the fact that records of the mileage of a 
number of wheels under 100,000 pounds capacity cars in 
freight service, show that an average of about 180,000 
miles per wheel has been obtained without reaching a con- 
dition requiring turning. This mileage represents from 
18 to 22 years of service under the average freight car. 

Accurate information regarding the mileage of cast iron 
wheels under cars of 100,000 pounds capacity is, unfortu- 
nately, not available, but from records made in 1907 it 
was found that the average age of a number of wheels 
removed from service, from cars of 100,000 pounds capacity, 
was 4 years, corresponding to a mileage of from 32,000 to 
40,000 per wheel. 

As there can be no question as to the relative strength 
of an equal section of wrought steel and cast iron, it would 
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seem that for cars of 100,000 pounds capacity and over, 
the steel wheel must have preference from this viewpoint. 

The Pennsylvania Railroad System has followed with 
interest the development of the wrought steel wheel prac- 
tically from its inception, and has made use of it in consider- 
able numbers during the entire period of its development, 
and at the present time it is used exclusively for 

Locomotive Tenders—Passenger Service. 

Locomotive Tenders—Freight Service (over 5,009 gallons 
capacity). 

Passenger Equipment Cars (where the weight per wheel 
exceeds 10,000 pounds). 

Freight Equipment Cars (gondola and hopper cars of 
100,000 pounds capacity and greater, for mineral and mill 
traffic). 

The lighter tenders, passenger cars and freight cars of 
less than 100,000 pounds capacity, as well as the box, 
refrigerator and stock cars of 100,000 pounds capacity, are 
provided with cast iron wheels. 

Up to the present time about 325,000 wrought steel 
wheels have been purchased and the results obtained indi- 
cate the desirability of continuing the practice referred to. 

Of the total number of 325,000 wrought steel wheels 
purchased, but 328, or about one-tenth of one per cent., 
have been withdrawn from service on account of breakage 
or cracks. 

Of these defects 164 were located in the tread, 69 in the 
plate, 50 in the plate and hub, and but 45 in the flange. 

The small number of defects located in the flange is 
particularly interesting, as it is at this point that the cast 
iron wheel of the design in general use has the least strength. 

The majority of the 328 wheels referred to were used 
under heavy locomotive tenders, and is, therefore, repre- 
sentative of the effect of the hardest kind of service. 

As these defects are those which occurred during the 
entire period of development of the steel wheel, and the 
number includes many manufactured under the less per- 
ected processes at first employed, it is to be expected that 
ven a more favorable record will be obtained in the future. 
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In fact the processes now in use should practically eliminate 
the tread defects, as the larger portion of such defects were 
undoubtedly due to the effects of “‘pipes”’ in the original 
ingots. 

The defects in the plate, and plate and hub are probably 
due to shrinkage strains, and their number clearly shows 
the desirability of further study as to the cause and means 
for their elimination. 

Quite a large number of the wheels as at first manu- 
factured gave short service life on account of lamination of 
the treads (the same defect as was frequently found in steel 
tires of the smaller diameters), but with the wheels as now 
made, the number having laminated treads is comparatively 
small. 

On the application of steel wheels to mineral carrying 
cars it is the practice of the Pennsylvania System to increase 
the nominal carrying capacity from 100,000 pounds to 110,- 
000 pounds; thus increasing the permissible lading’ from 
110,000 pounds to 121,000 pounds. 

As there is no doubt of the wheel having ample strength 
to permit obtaining the full capacity of the axles, this in- 
crease in capacity not only adds to the earnings obtained 
with the vehicle, but assists in keeping them always pro- 
vided with a full set of steel wheels, as this kind of wheel 
only is the standard for cars of over 100,000 pounds marked 
capacity. 

The construction of many freight carrying cars of over 
100,000 pounds capacity still further broadens the field for 
the use of the steel wheel, and makes necessary the further 
strengthening of the cast iron wheels on the lines already 
indicated by the manufacturers. 


PROGRESS IN ROLL DESIGN. 


Tuomas H. MAruatas, 


Assistant General Superintendent, Lackawanna Steel Company, 
Buffalo, N. Y. 


It is impossible to take up the consideration of this sub- 
ject without at the same time touching on the improve- 
ments in sections, mill construction and appliances, and 
steel manufacture, as they have gone hand in hand and are 
mutually dependent one on the other. The-measure of 
this progress can best be appreciated by a comparison of 
the record of the past with that which is being accomplished 
at the present day. 

It is a matter of course that the early historians have 
paid little attention to the roll designer and his work, 
for he has been slowly developed through a process of evo- 
lution. Beginning in the days when he had no personality 
of his own—-when the roller, the machinist, the draftsman, 
the engineer or the mill superintendent might for the time 
being lay aside his usual vocation and block out a set of- 
passes for the mill rolls and have these turned up from 
sketches or crude templets in a corner of the machine shop— 
he has gradually progressed. And as the iron master’s busi- 
ness increased from sheet iron, rounds and square and flat bars 
to rails and other shapes, this corner of the machine shop 
became a separate department. Eventually the boss roll 
turner had an office and, perhaps, a shop for his own use, 
where he filed out his templets and was in direct charge of 
all the operations from the necking of the castings to the 
finished rolls. If he had a little capital he sometimes had 
a small shop of his own. In any case his office and shop 
were carefully guarded. The ‘‘No Admittance” sign was 
very conspicuous. 

The templets—which were, as a rule, the only record of 
the designs—were handed out one by one to the lathe hand, 
so that he seldom saw the whole set together. In fact, a 
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large part of the work was done without templets, calipers 
and a few dimensions given out by the boss being all that 
the roll turner had to work with on certain sections. 

The designs, if such there were, and the templets were 
considered a family inheritance and were handed down from 
father to son as a legacy of great value. That this was the 
case was largely due to the fact that practically all of the 
pioneer roll designer’s knowledge of his art had been ac- 
quired in the hard school of experience. Engaged in a new 
art with no precedents to guide him, he groped his way 
along unknown paths. With his own or his employer’s 
money at stake, every step taken was considered carefully. 
To a bold or a timid man each design meant more or less 
uncertainty, until he had acquired the confidence born of 
experience; and every new section successfully rolled was 
that much additional knowledge and skill to assist him in 
the solution of the next problem. 

His employers, having borne the expense and risk of 
possible failure of certain experiments in this comparatively 
unknown field, were loath to have their competitors secure 
the benefit of their experience. Consequently, the roll de- 
signer hesitated to give information, and in many cases he 
was commanded to hold his accomplishments as a secret. 

This was the roll designer of twenty or thirty years ago. 
But modern facilities, systems of acquiring knowledge, con- 
venience of travel, and the broadening tendency regarding 
interchange of ideas and experiences, have wrought a big 
change. And, as the art is still one not of theory but of 
experience, reliable text books on the subject are conspicu- 
ous by their absence. But the designer of to-day has at 
his command valuable data from the records of the last 
quarter century. He is also familiar with what his con- 
temporaries are doing. The records of his own designs are 
complete; the tonnages made on rolls are accurately re- 
corded; trade journals supply him with general plans and 
descriptions of the new mills and improvements to the older 
ones. He has a well-lighted office and shop, equipped with 
electrically driven lathes for turning the heaviest and light- 
est rolls; roll and tool grinders; surfacing, planing and 
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milling tools; overhead cranes; skilled tool- and templet- 
makers; high-speed tool steels; complete drawings and 
accurate templets for the shop men, and everything that 
contributes to the higher efficiency. It is a great stride from 
the little dark corner of the old-time machine shop of a gen- 
eration ago to the present well-equipped establishment. 

But “to whom much is given, of him shall much be 
required.”’ The roll designer has become the censor of all 
things rollable. He is required to meet the present day 
demands for accurate and perfect sections. He must be 
prepared to design successfully and roll intricate shapes 
without injury to the material. 

The demand for large tonnages requires the greatest 
reduction during the rolling period, and at the same time 
he. must exercise care that with these heavy drafts no 
unequal strains occur in the metal. He must have cour- 
age to do that which has never been done before, and the 
skill to do it well. While he has progressed considerably 
from the old time methods, he has much yet to master 
before his art can be dignified with the name of a science. 

As a general rule the roll designer has not been an 
inventor in the sense that he originated new designs that 
have had in them the elements of troublesome rolling, for 
he would, naturally, be the first to discern difficulties; but 
it cannot be denied that he has made progress and has met 
the demands made upon him. 

With the knowledge we have of the designer and his 
equipment, we will now proceed with the results of his 
designing in the early days and continue with that to the 
present day. 


Harty Patents on Roturng Mernops. 


As early as 1697 rolling mills were referred to as “late 
improvements in the iron trade.” The pages of history for 
the next hundred years are dotted with patents on rolls 
couched in language showing the crude conception of the 
art. or instance, in 1728 a patent was issued to an English- 
man for rolls which were to have ‘A notch or furrow on 
their surface for forming blooms and bars into various 
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shapes.”’ In 1759 another was granted in England on ‘‘rolls 
for shapes.” In 1783 another for ‘‘ Appliances to be used 
for squeezing slag out of blooms and for finishing iron into 
shapes.” 

It appears that sheets, flats, rounds and squares were 
rolled more or less successfully during the latter part of the 
eighteenth century. It was in the early part of the nine- 
teenth century that the rolling of iron into more compli- 
cated shapes was actually begun, and it is from this time 
that we are able to trace with some degree of certainty LS 
gradual changes and progress of roll designing. 

The designs for roll grooves up to within the last thirty 
years, and in some plants to a still more recent period, were 
generally laid out on a sheet of metal and the templets cut 
therefrom, first the finishing pass, then the preceding, and 
so on back to the bloom. 


Lack OF RECORDS. — 


If the designers of the early days realized the importance 
of their pioneering, they would undoubtedly have left us 
more complete records; but, as a rule, history makers are 
not history writers. 

A studied effort seems to have been made to avoid put- 
ting these on record, and this makes the matter of obtain- 
ing outlines of these old designs almost impossible. It is 
only within recent years that any accurate records has 
been obtainable, so far as we are able to learn. 

Therefore, with a few exceptions, we will be able to pre- 
sent only the finished product of the early designing, 1.e., 
the outlines of the finished section. 


First Types or RalILs. 


Naturally, the pioneers had their attention drawn to 
that which afterwards became one of the greatest factors 
in modern civilization and progress, namely, the railroad 
rail, and their first attempt in this line was rolled flats from 
2 to 4% inches in width, and 1% to 114 inches in thickness, 
and these were known as strap rails. This was about 1808 
to 1810. 
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By 1830 the strap rails passed through many changes 
of section, some of them resembling a slice off the head of 
our present tee rail, others approaching the general form 
of the old street railway stringer rail. The American roll 
designers and engineers had not as yet awakened to the 
possibilities ahead, but in England, about the year 1820, a 
patent was granted for the rolling of malleable iron rails, 
the section of which, together with the roll passes as given 
on the patent office papers, were about as shown in Fig. 1. 
This rail was probably the original of the type of sections 
now known as the American Tee Rail. 

In the year 1830 an improvement was made on this 
design, and the Clarance rail was rolled. This type, with 
its modifications, gradually led up to the English Bull Head 
Rail of 1844 and the larger and improved Bull Head of more 
recent years. 


First Drsiens or TEE Ratt. 


But about 1831 an American engineer named Stevens 
designed a rail which was to do away with the expensive 
chairs required for the Clarance rail. The head of this 
rail was similar to the top of the English tee rail but to it 
was added a base or flanges of varying width, as shown in 
Fig. 2. The projection was to be rolled at intervals of two 
feet, and was to be the point of support on the tie, but 
this feature was found impractical, and was abandoned. 


The roll designer saw that this was not a rolling proposi- 


tion and presumably refused to design rolls for it, although 
these rails, as modified, were afterwards rolled in England, 
but only after the engineer had put up a money forfeit to 
cover any possible damage to the mill while rolling them. 

Following this, in 1835, there was used on American 
railroads another type of rail which shows considerable 
advance in the roll designer’s skill. This was the “U” rail, 
of which there were many designs, all of which were made 
in England up to about 1844, when a 40-pound rail of this 
type was made at the Mount Savage Iron Works in Mary- 
land. An outline of this rail will be found in Figs 3 

The Pear Headed rail shown in Fig. 4, which followed 
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Fig.I2 
Frc. 1—English rail, 1820, finished section and roll passes, 
Fie. 2.—American T rail, 1831. 
Fig. 3.—U rail, 1835. 
Fig. 4.—Pear-headed rail, 1845. 
Fic. 5.—Rail with recess for splice bar, 1858. 
Fic. 6—Cambria welded pear-headed rail, 1859, showing passes. 
Fie: 7—First compound rail, 1856. 
Fic. 8—Comparison of ingot and finished rail, 1867 and 1913. 
Fig. 9.—Thin-flanged rail. 
Fig. 10.—Iron rail with steel head, 1879. 
Fie. 11.—T rail, 1820 and 1910. 
Fic. 12—Historical development of American rail. 
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next in 1845, and of which a large tonnage is said to have 
been rolled during the several years following, was a simpler 
section to roll than the U rail and was accepted as a standard. 
It was an apparent standing:still or marking time of the 
roll designer’s art. In fact, it seems to have reflected the 
attitude of the railroad engineers who were apparently satis- 
fied with the rail as rolled. 

In 1858 rolls were designed and turned for a pear headed 
rail provided with a recess for the top and bottom end of a 
plain splice of fish bar, as shown in Fig. 5. 

A year later a rail was made of the pear type but rolled 
similar to the U type rails and closed in or welded together 
at the web, as shown in Fig. 6, on which is also shown the 
design of passes. These were made at the Cambria Iron 
Works. 


CompounpD RalIts. 


The first compound rail, as shown in Fig: 7, was de- 
signed and rolled about 1856. This was the forerunner 
of different types of two-piece rails, all of which, however, 
were abandoned, as it was found they would not give 
service. But this fact has not prevented many inventors, 
from that time to the present, from endeavoring to produce 
a two-piece rail that would be serviceable. 

During this period, when so many compound rails were 
rolled, the roll designer undoubtedly acquired valuable expe- 
rience in the rolling of different sections. But aside from this 
no great strides were made in rolled shapes for some time, 
other than a gradual increase in the size of the rail section. 


First THree Hiegu Rarit MIL. 


In 1857 a three-high mill for rolling rails was installed 
at the Cambria Iron Works. This marked a decided 
advance in the progress of roll designing, and rail mills in 
general. On this mill the first Bessemer rail order was 
rolled in 1867. The section was a 414-inch high 67-pound 
rail with a 4-inch flange, made from an 814 by 8-inch ingot 
which was reheated and hammered or rolled to a 614 by 614- 
inch bloom. 
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It is interesting to note the relative size of the ingot and 
rail as compared with the ingot and rail of to-day, as shown 
in Fig. 8. 


Tuin FLANGED RaAILs. 


Following this.a demand was-made for rails with a large 
percentage of metal in the head and less in the flanges, 50 
per cent. in the head being recommended. For a sketch 
of this rail see Fig. 9. 

The roll designer’s hand is again shown by the fact that 
the railroad manager met with considerable trouble in plac- 
ing a contract on account of the risk in rolling such thin 
flanges. This is not surprising when we recall that fresh in 
their minds were the troubles they had in rolling flanges of 
any kind on the old two-high iron mills, on which the 
flanges frequently separated and encircled the rolls or split 
when a little cold. It may be noted that there are few 
_ rails of this size to-day made with flanges as thin as the 
then proposed section, though it would not be considered 
a difficult flange to roll now. 

About 1879 a small tonnage of rails was made from a 
box or pile in which the outside pieces were of iron while 
the inside was filled with scrap steel turnings, punchings, etc. 

Also during this year an iron rail was rolled with a steel 
head, an outline of this section being shown in Fig. 10. 


RAILROAD TRACKAGE AND Ratt IMPROVEMENT. 


It is of interest to note that in 1844 there were about 4,000 
miles of railroad track in the United States; in 1870 this 
had increased to 44,000 miles. From this it is easily seen 
that successful rolling of the rail contributed a great deal 
to the rapid development of this country. 

From the year 1867 the Tee rail has gradually been im- 
proved through the quality of material, larger and faster 
mills, mill appliance and tables, larger ingots, greater and 
more equivalent drafts, resulting in more regular reductions 
of metal, less tearing of flanges, and. a greater uniformity 
of section, until at the present time the rail mills of the 
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Fig. 14.—Number and design of passes for standard T rails. 
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country are producing rails which pass the most rigid 
inspection. 

For a comprehensive idea of the various stages of de- 
velopment of the present-day American rail, see Fig. 12. 

For the original Tee rail of 1820 as compared with the 
largest rail made in 1910, see Fig. 11. This last rail was 
made at Steelton. 

For the general design of passes and rolls for the rolling 
of a standard Tee rail from the bloom to finished rail, see 
Fig. 15. On this the top stand represents the roughing, 
the second, the intermediate and the third the finishing stand 
of rolls, while below is a plan view or diagram showing the 
direction of the bar from pass to pass. 

As an illustration of the reduction in areas and cor- 
responding elongation in lengths of bars, see Fig. 13. 

For a comparison of the various American and foreign 
designs for making Tee rails at the present time, see Fig. 14. 


ANGLES. 


Among the earliest of the rolled shapes were the small - 
angles. There are two distinct methods of rolling this 
section. One is to use a square billet and work off one 
corner and recess it, retaining the opposite one for the 
back, and the other two for the legs of the section. The 
second method, and the one used generally, is to use a 
rectangular bloom or slab and work up the back or apex, 
at the same time reducing the thickness of the bar as a 
whole. 

There are many variations of this latter method, some 
designers preferring to keep the legs flat until the last or 
finishing pass, while others work the passes from the slab 
so that each successive one approaches the right angle of 
the finished bar. A reference to Figs. 16 and 17 will show 
he difference in the two mesh OUe each having its advocates 
among roll designers. 

The most important feature in the rolling of angles is 
the back or apex, which must be square and sharp. Diffi- 
culty is frequently experienced in securing the apex, due 
to the desire to produce too many weights from a given 
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Fie. 16. 


Fic. 15. 


Fia. 15.—General design of rolls and passes for standard T rails. 
Fic. 16.—Method of rolling angles from rectangular billets. 
Fic. 17.—Method of rolling 8” x 8” angle from 13” x 814" slab. 
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set of passes, the tendency being for the apex to run round 
or to bevel off on the heavy weights. 


CHANNELS. 


Channels can be and are sometimes rolled from the slab, 
_ being rolled flat for the first few passes, and at this stage 
resemble two angles rolled side by side, but as this method 
permits of a very limited range of weights from one set of 
passes, it has been superseded in a general way by the 
bloom method. An illustration of the slabbing or butterfly 
method is shown in Fig. 20. This, you will observe, was 
made in the year 1873, and is believed to be the first attempt 
to roll channels by this method. 
It is to be noted that these channels were rolled 
from a built-up pile, and bars of a better quality of 

material were used at the point where the channel was sub- 
ject to the greatest rolling strain. 

The present-day rolls for channels are usually designed 
- to take a partly shaped bar from the beam roughers, work- 
ing off the flanges on one side of the web. Recently rolls 
have been designed for rolling large channels direct from 
the bloom, as shown in Fig. 18, although for certain sections 
of channels with specially long flanges a shaped bloom is 
sometimes used, as, for example, the 13-inch car truck 
channel made in seven passes at the Homestead Works, as 
shown in Fig. 21. 

Fig. 19 shows the passes for a 3-inch channel rolled from 
a 4-x 4-inch billet in seven passes. 


BEAMS. 


From information at hand we find that beams were 
rolled in 1845. We further learn that large beams were 
first made by bolting or riveting two channel sections back 
to back. This manner of producing a beam is known to 
have been used in Wales in the early part of 1860, so we 
feel justified in making the assertion that progress has been 
made in the manufacture of this particular line of sections, 
since the largest beam today is a rolled section. 
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Making Beams in Less Passes. In the rolling of struc- 
tural shapes, considerable progress has been made in the 
design of rolls to reduce the number of passes necessary to 
produce the desired section. An example of this is shown 
in Fig. 22, which illustrates the rolling of a 7-inch beam 
from an 8- X 6-inch bloom, the earliest design requiring 16 
passes, whereas today it is rolled in 10 passes on the same 
mill from the same size bloom. 

Methods of Use. Several distinct methods of rolling 
beams have been in use. For many years the regular 
straight-collared roll, as shown in Fig. 28, was the only 
type in use, but some 30 years ago the so-called diagonal 
or oblique method was adopted by some designers. This 
is shown in Fig. 26, which is from a Russian mill, and also 
in Fig. 23, which shows a 4-inch beam made in diagonal 
grooves. ‘ 

One of the supposed advantages of this style of groove 
is that when dressing the rolls the roll turner is able to 
smooth up the worn sides and then close up the width of 
pass as much as is needed to bring the rolls to their original _ 
form, by shifting them endwise. The feature which is 
thought to be an advantage in dressing is a disadvantage 
in the handling of the rolls in the mills, as the tendency 
is for the bar to crowd the rolls open, creating undue strain 
on the roll seats or bearings. However, this trouble is 
being overcome by judicious drafts, proper distribution of 
metal and attention to the angle of the oblique pass flanges, 
though there seems to be but little advantage in it for 
sections which can be rolled successfully on the older type 
of rolls. 

Feature of the Diagonal Groove. But a greater and 
more advantageous feature of this oblique design of pass 
is that it insures the possibility of securing a length of 
flange greater than is obtainable in the ordinary manner 
of rolling long-flanged sections. Without the slabbing 
effect of this oblique pass many of the sections now rolled 
on certain types of mills would be difficult to produce. 
The importance of this will be shown later in connection 
with other types of sections. 
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IMPROVEMENTS IN BEAM DESIGNS. 


The great demand for beam sections in structural work 
has led to much thought in regard to their manufacture- 
A few years ago beams were considered very difficult to 
roll. At that time the roll designer seemed to think that 
the more crowding that could be done in the solid grooves, 
the better, but since 1893 or 1895 these flange designs have 
been gradually modified, until today the standard beam 
gives as little trouble as any section rolled. There is a call 
for a new type design of beam from 8 to 27 inches in depth, 
with extremely light gauge webs and thin flanges, all of 
which make them a very difficult problem to roll, but it 
is to the credit of the roll designer that the beam is already 
a merchantable bar, and while there is still more to be de- 
sired in the way of reducing the tendency to buckle in the 
web, the section is now rolled successfully. 

Beams on Grey Mills. <A great stride in the rolling of 
large beams was made in the conception, development and 
erection of the first Grey mill in Germany, followed with 
the building of a more modern and greatly improved mill 
of the same type at the Bethlehem Steel Plant. This mill 
has opened new possibilities in the rolling of beam sections, 
both in the length and taper of the flanges, due to the fact 
that the use of vertical rolls in the same vertical plane with 
the top and bottom horizontal rolls permits of side work 
on all flanges simultaneously with. the web drafts, see 
Fig. 24. 

The ingots for this mill, for beams 24 inches wide and 
over, are cast to a rough beam shape and are calculated to 
conform very closely to the same proportions as regards 
flanges and web as on the finished bar (though the same 
size of blank is used for two widths of sections). 

This maintains the flange and web about equal in length, 
resulting in very small crop ends. All blanks are made 
about 8 inches wider than the finished beam, as shown 
in Fig. 27. The blooming rolls for these large shapes are 
designed with an ingot and a finishing groove only, but for 
the 20-inch beams and smaller there are three grooves, the 
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Blank Section 
Via. 27.—Ingot shape for large beams. 


F ia. 26.—Diagonal method of rolling beams. 


Fia. 28.—Straight-collared rolls for rolling beams. 
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forming having a swell in the centre of web about 1 inch 
high. See Fig. 25. 

Beams of extreme flange widths, which would be utterly 
impossible on the regular open and solid flange rolls, can 
be easily made on the Grey mill, and for this type of sections 
there is a growing demand. ; 

For the roll designer, this type of mill is a simple prob- 
lem, much depending on the shaped bloom and the rollers 
of the mill. 


MeErcuHaAnt MILts. 


Merchant mill sections, such as rounds and squares, 
were among the first sections rolled on the early mills, and 
for years there appears to have been little change in the 
original methods, but about 1880-82 the Garret rod mills 
were designed, and that system of rapid breakdown grooves 
which were a decided advance over the early methods soon 
led to rapid advance in the small mill work. Old mills 
were dismantled and replaced by new types, and many 
Garret mills were soon in operation. 

The Garret method of breakdown passes was applied 
to larger mills with excellent results, and opened the way 
for great advancemient in the rolling of small shapes for 
harvesting machinery ofall descriptions: for manufacturers 
of carriages, bedsteads, automobiles, sash and door sections 
of the most intricate design, and many others. ° 

Decrease in Number of Passes. For an idea of the de- 
crease in the number of passes, due to increase in drafts, see 
Fig. 29, on which is shown the old style Gothic grooves num- 
bering in all 19 passes, as formerly used to break down a 
4- x 4-inch billet to a 14-inch round in comparison with a 
design of ten passes used in 1910 to accomplish identically 
the same work. 

Continuous Roughing for Merchant Mills. Small mills 
with continuous roughing stands are adopted for the most 
rapid use of the quick breakdown passes, and on these the 
speeds, diameters of rolls, and areas of passes on all stands 
must bear a fixed relation one to the other within very 
close variations, and though they have been in use for but 
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Fic. 29.—Showing decrease in number of passes necessary to break down a 
billet to a bar. 


Fig. 30.—Scheme of continuous roughing for merchant bars. 
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a comparatively few years, they are nevertheless being 
greatly improved. The roughing rolls for this type of 
mill must be made to cover a wide range of sections, as 
roll changes on thefn consume considerable time. 

A design of the rolls for one of these modern mills is 
shown on Figs. 30 and 31. -On this it should be noted 
that while there is shown but one size of each type of sec- 
tion, there are made from these same roughers a wide range 
of sizes of each of the various types shown. 


PROGRESS IN THE DESIGNING OF ROLLS OF SMALL 
SPECIALTIES. 


A recent visit to one of the largest mills rolling small 
specialty sections very forcibly impressed the fact that 
roll designing had made remarkable progress -along this 
line. Sections are now being rolled with apparent ease 
and minute accuracy and perfection of finish that would 
have been considered absolutely impossible even as re- 
cently as five years ago. 

There is probably no other branch of the industry that — 
requires more careful attention to details, both as to the 
original designs as_ well as to the accurate turning of the 
rolls, and to the systematic recording and filing of templets, 
tools, etc. 

This small mill work, where numerous sizes varying 
sometimes only by a few one-thousandths in size and impos- 
sible to detect by the eye, are placed in the same roll; 
where one roll may be used for numerous sections and in 
all sorts of combinations, has come to be with its thousands 
of rolls and their varying changes of condition and diameter, 
a problem which requires of the roll designer most careful 
and explicit lining up, by means of charts showing the posi- 
tion of each size of pass, etc., of the mill operators in regard 
to the rolls and grooves they are to use. 


GIRDER RaILs. 


Karly in the Highties the need for an improved type of 
section for street railways led to the development of the 
girder rail, first about 41% inches in height and from that 
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Fic. 31.—Scheme of rolls for continuous roughing for merchant bars. 
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to the 6-, 7-, 8-, 9- and 10-inch sections now in general use. 
These were at that time rightly considered a difficult sec- 
tion to roll and, like other specialties when first made by 
one or two manufacturers, great secrecy was maintained as 
to the designs and mill appliances by the plants then pro- 
ducing them, but it was not long before the other mills had 
solved the problem for themselves and the making of girder 
rails and high guard rails had become common knowledge. 
For an idea of the general shape of the passes for one of 
these sections see Fig. 32, which shows the roughing, inter- 
mediate and finishing passes respectively. 

Owing to the shape of the head on such sections as the 
“Trilby”’ and other grooved head guard or girder rails, an 
“‘end wheel’”’ was used in the finishing groove. A box was 
located on the end of the rolls. between the two necks. 
Through this hollow box was a pin on which the wheel re- 
volved and extended into the open part of the finishing 
groove, where it was revolved by the friction of the hot bar 
as it passed through the horizontal rolls. 


Tre PLatsEs. 


According to the records the first flanged tie plate was 
rolled about 1880. This is believed to have been done 
somewhere in Canada. The first plate of this type in the 
United States was the Servis flat top plate with two hori- 
zontal flanges. This plate was 334 inches wide, and was 
rolled at the old Troy Rolling Mill Co. Later it was made 
by the Pennsylvania Steel Company, and still later by the 
Bay View plant of the Illinois Steel Company at Milwaukee. 
The plate was later increased to 414 inches in width and 
rolled with three flanges. Some years later a 5- and a 6- 
inch plate of the same pattern was rolled, but a majority of 
the plates up to ten years ago were of the 414-inch width and 
were not more than ;3; or 14 inches in thickness. 

The first Wolhaupter corrugated top plate was made in 
1895 by the Springfield Iron and Steel Company. This 
plate has since been greatly improved in design, and in 1906 
or 1907 the first of the present type of extremely high- 
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shouldered corrugated top plates with longitudinal flanges 
was rolled. 

An outline of one of the late plates is shown in Fig. 48. 
A section of the finishing groove showing the milled-out 
shoulders and a photograph of the finished plate is given in 
Fig. 35. 

A feature of the method of rolling these shoulder plates 
is the making of the shoulder side of the plate on a sleeve 
or ring which fits snugly on a mandrel and keyed thereto, 
on the ends of which are the necks or journals on which it 
revolves when in use. 


Hook SHouutpER Tir PLATE. 


A general outline of the rolls and arrangement of grooves 
in roughing stand and finishing rolls for the new style 
Hook Shoulder Tie Plate is shown in Fig. 33. 

The hook feature itself is an old device but with a con- 
tinuous hook shoulder rolled on the plate it would be impos- 
sible to shear the plate without damaging the hook so that 
it would not fit the rail flange. Sawing was too expensive 
an operation, hence. the alternating hook shoulder was de- 
signed so that between each hook there was a space large 
enough for the shear blades to act without touching the 
bent over part of the section. : 


STEEL PILina. 


Other types of modern sections which aid greatly in the 
engineering feats of to-day are the steel piling sections, 
which within the last few years have come into great demand 
and ‘bid fair to be sections which will require very large 
tonnages. 

The rolling of one of the first of the leading sections was 
accomplished by the use of the diagonal passes as shown in 
Fig. 36, although since that time a section of the same 
general pattern has been made with rolls of the usual 
straight collared design, as shown in Fig. 38. This was 
a case where the diagonal or oblique method was not essen- 
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tial to the successful rolling of the section, and where the 
designer was free to make a choice of method—that he 
does not always have this choice will appear later. 

Following this came the sections of piling, as shown in 
Figs. 36 and 37. These designs of piling represent both 
the single and double lock as now rolled in various lengths 
and gauges. 


STEEL TIES. 


One of the latest achievements in roll design is that of 
the steel tie shown in Figs. 39 and 40. For some years past, 
the manufacturers of these ties have been rolling smaller 
sections, but recently a 10-inch flanged section 614 inches 
high and with very slight taper on the very thin flanges 
has been successfully rolled at the Homestead Works of 
the Carnegie Steel Company. This has been accomplished 
by the aid of the above-mentioned diagonal or oblique 
grooves, as illustrated in Fig. 40, on which a general view 
of the rolls is shown. 


~DraconaL METHOD. 


The diagonal or oblique method of roll designing has 
been in use for many years, but it is only recently that it 
has been applied vigorously, with the result that it has 
made it possible to reduce the number of passes in rolling. 

And of even more importance than the decrease in the 
number of passes is the fact that by its application sections 
heretofore considered impossible have been successfully 
rolled; for instance, the 10-inch tie referred to above. This 
is considered a case where it was necessary for the designer 
to use the oblique method for securing the foto which 
are extremely long and thin. 


DEVELOPMENT FROM INGOT TO FINISHED PRopwuct. 


This is represented by three and sometimes four distinct 
stages of reduction. In the first instance, it is from the 
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ingot to rectangular or shaped bloom to the finished bar. 
In the second instance, from the ingot to the rectangular 
bloom, to billet, to the finished bar. This will be seen by 
reference to Fig. 41. 


REcENtT IMPROVEMENTS. 


Great achievements in the designing of rolls for shaped 
sections have been made in the past twenty-five years; for 
instance, the rolling of girder and high guard rails at the 
Pennsylvania Works at Steelton, the Cambria Iron Works 
at Johnstown, and the Lorain Steel Plant in Ohio. Also 
the rolling of 24-inch beams at Homestead direct from the 
ingot without reheating on a combination one stand 40-inch 
cogging mill and a four stand 35-inch finishing mill. 

At Pencoyd the problem was to roll a 24-inch beam on 
a 23-inch mill. In this case the shaped bloom was reheated, 
thus making it possible to roll a large section of this ase 
and size on rolls of so small a diameter. 

The rolling of the 24-inch beam at that time (about 
1893) was the more remarkable on account of the handicap 
under which the designer had to labor for his results. 

What these men of nearly a generation ago accomplished 
has been of great assistance to the designer of to-day, and 
much of that now being accomplished is but a natural pro- 
gression based on the knowledge gained by the earlier results. 

Each of the more noted recent developments of difficult 
large sections and many of those of the small merchant 
sections has opened up a field for further endeavor that will 
undoubtedly lead to still greater progress in the future. 


PROGRESS IN ROLL DESIGN. 


Henry L. JAMEs, 
Superintendent Roll Department, American Bridge Company, Pencoyd, Pa. 


The paper presented by Mr. Mathias covered in a com- 
prehensive way the progress made in roll-designing and 
the methods used in producing different sections. He 
clearly shows the improvements made and the influence 
they have had on the mill in general. 

In my research I found records by Solomon DeCaus, 
dating back to 1615, of a mill for rolling sheets of lead and. 
tin for use in making pipes for organs. The next inventor 
of rolls was of Rome, Giovanni Branca, in 1629. He tells us 
of rolls making six revolutions a minute, the top and bottom 
rolls having gearing on the roll necks. This method was 
used in some places until 1862. In the year 1656, Vittoria 
Zonca invented a mill described as. follows: Rolls for making — 
grooved lead rods for glass windows. 


Routine Miuis 1n ENGLAND. 


In 1728 a mill was constructed in England and shipped 
to France. The rolls were five feet in length and sixteen 
inches in diameter, containing seven grooves for rounds, 
the largest being four inches and the smallest two inches 
in diameter. This mill was a prophecy of our present day 
reversing mill, its reversal being accomplished by a lever 
operating a clutch with suitable gearing. They also had 
roller tables in front and back; the rollers were four inches 
in diameter and twelve inches center to center. A British 
patent, number 505, granted to John Payne, November 21; 
1728, says in the specifications: “Hammered bars are made 
to pass between two large metal rollers which have proper 
notches or furrows upon their surface, into such shapes and 
forms as shall be required.” 

In 1772 Mark Homer received a British patent for roll- 
ing iron or copper. William Bell, of Birmingham, was 
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granted one in 1779. This brings us to January 17, 1783, 
and the name familiar to us all—Henry Cort. 


Routine MiLus In SwepeEn. 
Christopher Polhem, of Sweden, (born in 1661, died 1751), 
was another believer, in the possibilities of rolling metals. 
In his “‘Testament’’ he notes the gain in time by rolling 


Fig. 1.—Roll-casting pit, showing method of casting a roll. These rolls are 
poured through a runner from the bottom. 


over the old method of hammering, as in the time it would 
take to tilt one bar with the hammer, a rolling mill can 
produce ten to twenty times as many. He also advocated 
the use of mills for rolling very thin bars of iron for hoops 
and mountings and the rolling of steel for knife blades; the 
rolls to be so made that the knife steel becomes broad and 
thin on both sides or will get the same shape as common 
swords, and is then cut lengthwise in two parts, thus giving 
suitable material for knives. He also thought of the value 
of making rolls for producing rounds and half rounds. 
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Routu DeEsicGNine To-DAY. 


Roll designing to-day is truly different in many respects 
from that of years ago, on account of new lay-outs in mill 
construction, such as the introduction of tables instead of 
men around the rolls. The enormous tonnage required from 
the rolls is another factor. In fact, all points in connection 
with the mill must be considered in designing, so as to in- 
crease the production. 


Fig. 2.—Roll foundry, showing rolls in the rough. Note the sinkhead on 
the end of the roll. Sometimes the sinkhead will weigh nearly as much 
as the roll and is necessary to get a good casting. 


Roll designing is squeeze, spread and bend, and is a 
peculiar business in many ways. One problem we have to 
consider is the different grades of steel. Some steel will not 
spread the same as other steel, being stiff and hard, it will 
not flow easily, especially in flanging; with other steel there is 
no trouble in getting the required size. The heating of the 
material must also be considered, as different steels require 
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different temperatures. Proper initial heat is absolutely 
necessary to get good results. From the financial stand- 
point, heat is an important factor, as material not properly 
heated wears and breaks the rolls. This is one of the objec- 
tionable features in a continuous furnace with pipes, which 
cause black spots, which must be eliminated in large struc- 
tural shapes. There are different conditions to be met at 
each plant’and they require individual thought to produce 
the best results. 
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Fic. 3.—Pencoyd roll shop. Lathes are motor-driven. 
and fitted in the shop. 


Guides are designed 


Tur IMPORTANCE OF TONNAGE. 


In former years tonnage was not the vital question that 
it is to-day. The production of the section was the roll 
designer’s chief aim. If seventy tons of rails were finished 
in twelve hours, that was a big day. Now, fourteen hundred 
to sixteen hundred tons are produced in the same time. The 
completion of forty tons of structural shapes in twelve 
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hours was big work, but how does it compare with the pres- 
ent day records of twelve hundred tons in twelve hours? 
Of course, new layouts in mill construction, such as tandem 
mills, zig-zag mills, separate engines, motors and speeds have 
been big factors in these enormous tonnages turned out, 
but the roll designer had to meet the new conditions. 


Fie. 4.—Pencoyd roll storage. Six rolls for each section. Rolls separated 
to prevent injury when moved. 


Think what the material in the rolls must stand in hold- 
ing the size and weight of section during the rolling. This 
brings into play a knowledge of materials. What are the 
rolls to be made of to get the best results? Shall it be steel, 
cast iron or chilled iron, is a question he must consider from 
the wear or strength standpoint. These things must now 
be considered when designing, so as to bring the wear at the 
proper point and not interfere with the finished section. Of 
course, when the temperature of the bar decreases, the wear 
on the roll increases. Roll makers have a much harder 
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problem to-day than their predecessors in keeping pace 
with the mill. 


Fic. 6.—Set of three-high beam rolls. 
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Routt Desianinc Now An ART. 

Up to about the middle of the 19th Century; sections 
were finished in one set of rolls, on account of the cost, with- 
out consideration’ of the’ tonnage in the mills. The present 
inethod of ae: several sets of rolls and bars in each set 


F 


Fie. 8.—Three-high continuous splice bar rolls. 


PROGRESS IN ROLL DESIGN—JAMES Ailes 


spreads the work over the mill and increases the tonnage. 
As Mr. Mathias has said: ‘The art of roll designing is not 
of theory, but experience.” In the early days of rolling, 
much was guesswork, with dire results, as rolls would go in 
the mills many times before they would work, causing losses 
of time and money, but each failure was an experience by 
which roll designing has grown to where we find it to-day. 

Accidents will happen in the best regulated plants, even 
in these days, and the thing to do is to be ready for them. 
In previous years, the breaking of a roll meant hours of 
delay, pulling shapes and billets from the furnace and re- 
charging, as the shapes would not do for the next section to 
-be rolled. Now, we have duplicate rolls all fitted up in 
extra housings, ready to lift over to the mill, cutting the 
delay down to a mere trifle. 

The present endeavor to produce a perfect section in as 
few passes as possible has led to a more daring use of the 
method of ragging the rolls without injury to the bar or 
causing laps that will show in the finished section. 


REQUIREMENTS OF A Routt DeEsIGNeR To-DAY. 


The more perfect the equipment, the better the service, 
and so it would seem that a knowledge of the mills, an 
understanding of the furnaces and heating of bars, ability 
to run the lathe and turn the rolls, a mechanical drawing- 
room experience, an eye open to the percentages of waste, 
which can be decreased by skillful roll designing, and, above 
all, a personal supervision of the rolls, make the all-around 
designer of to-day. 

Surely, as we have looked back to-day to the pioneers in 
roll designing, we are aroused to pay tribute to those who, 
by experience, have taught us the principles of our business ; 
those who have shown courage to do and dare and run the 
risk of having odium cast upon them as a failure. The man 
without a mistake is the man without endeavor—all credit 
to our predecessors. 


EXTRAS, THE REASON AND NECESSITY 
THEREFOR. 


J. LEONARD REPLOGLE, 


Vice-President and General Manager of Sales, Cambria Steel Company, 
Johnstown, Pa. 


In their primitive development, iron and steel were lim- 
ited to few and simple uses; now, however, they are required 
for manifold and complex purposes. This evolution has 
naturally created a demand for products of greater refine- 
ment. Material suitable for one purpose may be wholly 
inadequate for another. The contractor who buys bars for 
the construction of a picket fence, concrete reinforcement, 
or uses of this nature, is not justified in demanding the 
refinements and paying the extra price necessarily demanded 
of the buyer who uses his bars for the manufacture of auto- 
mobile axles or other forgings constantly subjected to severe _ 
alternating stresses. In the manufacture of a steel bar 
entirely satisfactory for the former purposes, high yield 
from ingot and minimum costs are obtained, while for the 
latter the reverse is true. The tank or car builder will ex- 
perience little, if any, difficulty with steel plates which would 
be manifestly unsafe for locomotive or marine boilers.-_ Wire 
suitable for a field fence is absolutely unfitted for use in a 
rope for an elevator or an inclined railway service. Mas- 
ter car builders standard axles, well adapted for steam rail- 
road service, have proven unequal to the severe service 
conditions of the Interborough subways in New York where, 
in addition to the regular alternating tension and compres- 
sion strains, the axle is almost constantly subjected to terrific 
torsional stresses due to the sudden starting and stopping 
of the heavy trains—the motor being key-seated direct to 
the axle. The plate consumer who specifies thin gauges 
or circles and special sketch plates which necessitate low 
mill tonnage and heavy cutting losses should pay a higher 
price per pound than the consumer whose specifications 
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call for rectangular plates from which a very much higher 
yield from the ingot and greater output are possible. Thus 
it has developed that the manufacturer is forced to charge 
an extra in one case while selling at a minimum price in the 
other. 


Extras DiscouRAGE UNREASONABLE SPECIFICATIONS. 


Extras are, or should be, a legitimate increase over the 
base price of steel products and should represent only the 
increased cost over what are regarded as standard sizes, 
quality or grades of our various products. Mark Twain 
said, ‘‘’Tis a difference of opinion that makes horse races”’ 
and ‘‘a difference of opinion”’ also frequently causes extras. 
Even with uniform conditions of service, we have the human 
element to consider and the wide diversity of opinions of 
engineers, architects and consumers as to the proper grade 
of steel for a particular purpose often prevents the stan- 
dardization of products necessary to permit their manu- 
facture at minimum costs. As before stated, however, serv- 
ice conditions are not uniform and certain consumers are 
justified in paying extras for rigid specifications, which 
mean low yield from ingot, reduced output, constant expert 
supervision throughout the various processes of manufac- 
ture, heavy rejections and the resultant increased costs, 
whereas others use with safety and satisfaction material 
which can be produced at a lower cost. Without extras the 
unreasonable buyer (happily in the minority) would insist upon 
unnecessary discards, refinements and restrictions which would 
increase costs to such an extent as to heavily penalize every buyer 
of steel. 

Under extreme conditions, the law of supply and demand 
also influences extras. The great trunk lines of the North, 
with their low temperatures, heavy traffic, and more severe 
service conditions, demand better rails than is necessary 
on certain smaller lines in the South, with their warmer 
climate and comparatively light service, where a good Besse- 
mer rail would give satisfactory results. There are many 
millions invested in the Bessemer industry of the country, 
which has been showing a steady decline since 1906 and it 
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is questionable whether the buyer, whose demands for open 
hearth steel compels enormous capital investments to take. 
care of his requirements, is entitled to the same price as is 
the one who can use Bessemer, of which there is normally 
an excess capacity. There are many purposes for which 
buyers demand open hearth steel to-day for which Bessemer 
would be as well adapted and, as an economic proposition, 
should be used. 


Extras SHOULD REPRESENT INCREASED Cost. 


Quite naturally the question is raised as to what should 
be sold at the base price; and, generally speaking, we would 
say, that which represents the maximum yield at the mini- 
mum cost. More specifically, it should embrace all those 
materials intended for the commoner uses which, subject 
to standard specifications of liberal range, can be produced 
by good average mill practice with the least loss of product 
and expenditure of labor and money. Extras proportional 
to the increased cost should be added whenever materials of 
greater refinement are required. Such cases are numerous. 
For ordinary purposes considerable latitude in the chemistry 
of steel is admissible. For others, however, it may be neces- 
sary to restrict the carbon to narrow limits or require very 
low phosphorous or’ sulphur, high silicon or an unusual 
manganese content. This naturally requires special selec- 
tion of raw materials, to say nothing of the likelihood of 
“‘off-grade”’ heats that are difficult if not actually impossible 
to market. It not infrequently means entire loss of product. 

Size of section has also a very direct effect upon costs. For 
every class of mill there is a range of sizes that. yield the 
maximum tonnage. Lower production follows a decrease 
in size, thereby adding to the costs because of the lower 
_ tonnage over which to distribute fixed mill charges and the 
higher rate per ton paid for labor. Heavier sections may 
even increase costs. This is true of the large size forging 
blooms and the larger sizes of structural shapes of which, 
because of the limited refining influence of rolling and the 
bigger units involved, there is a greater chance for rejec- 
tions due to surface or other imperfections. One consumer 
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can allow considerable variation in length, while. another 
must have material cut to exact dimensions. One is not con- 
cerned as to the finish; another must have a highly plan- 
ished surface. One can use material that is only approxi- 
mately close to size or section; another must have it abso- 
lutely accurate. One is troubled but-little if there are a few 
seams or pipes; while another must have perfectly sound 
stock to insure which it is necessary to make a heavy ingot 
discard and a careful selection of all product both before 
and after rolling. 

All of these features tend to increase costs for which the 
manufacturer must secure remuneration from some source. 
Shall he distribute these higher costs over all his products, add- 
ing thereby to his price to all consumers, or shall he differenti- 
ate between those of an ordinary and those of a special 
nature, establishing extras to cover the latter? Manifestly it 
is unfair that the purchaser of an ordinary tank should 
share in the expense of a marine boiler, or that the farmer 
should be penalized on his implements because of the 
costlier material entering into the manufacture of the 
automobile. It would seem, therefore, that equity demands 
a series of extras to cover all deviations from standard 
practice as they may relate to analysis, size, yield from 
ingot, mill output or any other factors that tend to increase 
costs. 


Extras SHOULD BE UNIFORM THROUGHOUT THE TRADE. 


These extras, however, should be uniform throughout the 
trade and should be just and equitable, representing only 
what will safely cover the enhanced costs, not of every 
manufacturer but rather of those whose operations are eco- 
nomic in the sense that they conform to the average of 
modern mill practice. There are unquestionably many 
inequalities in the schedule of extras now in common use 
and there are likewise some features which do not now, but 
which should, carry extras. A readjustment or compilation 
of extras should be made on an equitable basis and only 
after a thorough study. I believe that a fair schedule of 
extras meets with the endorsement of the manufacturer and 
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the consumer as well; as without standard extras trade quo- 
tations would be of little value. The manufacturer who had 
quoted the lowest base price per pound might, by his higher 
extras, be the highest bidder. 


CHARGES FOR EixTrras SHOULD BE UNIFORMLY MAaApDE. 


As we have shown that there is reason and necessity for 
extras, they should be rigidly adhered to regardless of the 
base prices quoted. I think we all agree that with the pos- 
sible exception of our present weak optional contract sys- 
tem, there is no more unreasonable practice in the trade 
than the cutting or elimination of standard extras which 
must sooner or later result in a deterioration in the quality 
of material for the more important uses and certainly tends 
to the general demoralization of the industry. 


EXTRAS—THE REASON AND NECESSITY 
THEREFOR. 


Henry P. Bors, 
First Vice-President, Carnegie Steel Company, Pittsburgh, Pa. 


Any discussion of the subject of Extras presupposes a 
knowledge on the part of both buyer and seller of the neces- 
sity therefor, and this has been clearly stated by Mr. 
Replogle. He has not, however, gone as deeply into the 
method of determining extras as he might with more time 
at his disposal. So I can add something on this point. 


EXTRAS ARE NOW SCIENTIFICALLY COMPUTED. 


The original method by which extras were determined was 
largely arbitary, but this has ceased to be the case at the 
present time and indeed for several years past. All recent 
cards of extras have been determined on a scientific basis— 
on costs of manufacture covering a considerable period of 
time and conditions of both high and low production. In 
steel lines particularly—these products lending themselves 
so naturally to variety in form—the necessity for extras is 
readily apparent, and has led not only to their existence, but 
to greater demands in regard to quality. As a result of this 
variety of new products, specifications have become more 
and more rigid in character and accompanied by severe 
inspection. 

Mr. Replogle has stated that extras should represent 
merely the actual cost of manufacture over base. There 
may be honest difference of opinion in this regard, for cer- 
tainly some items should carry a fair percentage of profit 
in the extra charge. But when extras have been estab- 
lished and their necessity and value have become apparent 
to both buyer and seller, I am quite in accord with Mr. 
Replogle’s views that they should be rigidly maintained. 
If we take only the view that they represent the extra cost, 
then any sacrifice in’extras is a direct loss to the manufacturer 
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and one for which he cannot possibly obtain at any time a 
compensating gain. A base price may be changed up and 
down as conditions demand. Extras once sacrificed-are hard 
tO regain. 

It is possible that some buyers have in former times 
. and with apparent reason looked askance at cards of extras. 
For example, I can recall that when plates were first manu- 
factured in large quantities, a great many different grades 
were made out of the same ingot, the only difference being 
in price. At least that was the story; I am not altogether 
in position to vouch for its truth. 


CO-OPERATION NECESSARY. 


No consideration of the subject of extras, however, should 
be made without voicing the feeling that these extras should 
not be considered as arbitrary for all time; but that, as con- 
ditions change, involving higher or lower extra costs, the 
extras should be changed accordingly. While a buyer 
desires and needs stable markets rather than wide fluctua- 
tions in values, he should be given the benefit of decreased | 
costs of manufacture and equally should be called upon to 
pay when such costs exceed the originally fixed extra. 

This naturally brings us to the thought that such deter- 


mination cannot be made by a single concern, but should be ~ 


the result of combined knowledge and experience. And, 
therefore, it would seem to be necessary, for the benefit of 
the trade, that conferences should be held from time to time 
among producers, purely as a trade necessity; and they should 
not be regarded with suspicion, for they are alike of benefit 
to both producer and consumer. These relations have be- 
come more necessary, more pleasant and broader with in- 
creasing knowledge of the difficulties of the manufacturer, 
And, to his credit be it said, the buyer is constantly meeting 
the wishes of the matifactirer as far as conditions permit, 
and a better understanding and a greater respect for each 
other’s difficulties have consequently arisen. 

It is fair to say that on account of the large interests 
involved, no one desires to return to the conditions of drastic 
competition. Such action is destructive of values which, 
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‘outside of the value of human life, are even more difficult 
to replace than the losses sustained in actual war. 

It is unquestionably true that better value is given the 
buyer to-day in the matter of quality than at any previous 
time in the history of the steel business, and cost is less; and 
this is a situation to which the buyer has given due considera- 
tion. 


EXTRAS—THE REASON AND NECESSITY 
THEREFOR. . 


JoHn L. Harness, 


Assistant to the Vice-President, Jones & Laughlin Steel Company, 
Pittsburgh, Pa. 


I am glad this subject has been brought under dis- 
cussion, as it has always seemed to me that there is some 
misconception as to the real reason and necessity for 
“Extras.” I believe, in a°few instances at least, manu- 
facturers think that extras are a kind of profit, but analysis 
of the cost will prove this is not so. Frequently, too, the 
buyer looks upon the extras as a bonus paid the manu- 
facturer. 

Mr. Replogle has clearly stated many facts to us and 
has in an able manner shown that all sizes, qualities and 
kinds of steel cannot be sold at the same price. Therefore, 
there was evolved in early times of selling iron a system of 
selling common sizes at a base price, plus an extra to be 
added to the base price when the sizes purchased were of a 
kind to cause extra producing cost to the maker. 5 
. Little can be added to what has already been said. 

When a mill is rolling small sizes, or sizes that even under 
best practice reduce the output of the mill, a higher cost is 
at once shown that must be offset by an extra. 

Many special sizes are required today. In fact sizes are 
rolled now that not long ago it was thought could not be 
made on a rolling mill. Some of the special sections cause 
a heavy roll cost—not only initial cost of rolls, but frequent 
re-dressing of rolls. Furthermore, many of these special 
sections are seldom rolled and it must be remembered that | 
interest on investment counts up the same on investment in 
rolls as on other mill equipment. When specifications are 
such as to demand special chemical properties the steel can 
only be produced at an increased cost. 

Mr. Replogle very properly makes special mention of 
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the cost brought about by discard. Some specifications 
make it necessary to discard a goodly percentage of the ingot 
and this it can readily be seen adds to the cost of the product. 

In making light sheets there are many types of finish and 
the extra cost of each must be covered by extras. Then 
there are coatings that cause extras. Galvanized wire, nails, 
or sheets must bring an extra over the uncoated products, 
In tinplate departments steel sheets are covered with tin and 
it is self-evident that tinplate with a three-pound coating 
must bring a higher price than the lighter coated sheets. 

The charge known as an extra is something tangible and 
represents real cost. In these days of rapid improvement 
it is essential that tables or cards of extras be carefully and 
frequently checked. Standard extras are essential to both 
maker and user. There is a fair uniformity in the standard 
lists published by the various manufacturers, but in a few 
instances there are irregularities and some sizes made on 
different types of mill overlap or intermix. If absolute 
uniformity can be accomplished it is much to be desired. 

I wish to strongly emphasize the importance of main- 
taining regular extras. Any irregularity is ruinous. The 
extra charge only covers extra cost. Any weakening as to 
extras means doing something for less than cost, which is 
unbusinesslike and if such a course is followed it ultimately 
leads to disaster. 


Prices may rise and prices may fall. 
Extras should stand like the Chinese Wall. 


EXTRAS—THE REASON AND NECESSITY 
THEREFOR. 


CHARLES R. Rosrinson, 
General Manager of Sales, Lackawanna Steel Company, Buffalo, N. y. 


Mr. Replogle is to be commended upon the intelligent 
and comprehensive manner in which he has treated this 
subject of extras, which is, and properly should be, of vital 
interest to the entire steel industry. 


Extra Pay ror Extra WorK. 


Webster’s definition of the word is, ‘‘Something in addi- 
tion to what is due; something in addition to the regular 
charge or compensation—as extra work, extra pay, and the 
like’’; and, in picking out the basic thought from that rather 
broad definition, I should say that ‘‘extra work”’ is the foun- 
dation upon which all additions to the base Prise in the 
steel business quite properly rest. 

However, like anything really worth while in this 
world, extras must prove their right to exist, and the fact 
that they have been operative over practically the entire 
history of the steel business, is sufficient proof that they 
are fundamentally correct. 

Mr. Replogle has the advantage of speaking from both 
an operating and a commercial standpoint, and, in his 
paper, he has very clearly stated the reasons why steel of 
certain chemical or physical requirements can, and should, 
be sold for either a higher or lower net price than a totally 
different character of steel, both in its manufacture and in 
the last analysis of its use. 


Many Extras po not Cover Cost. 


If we would put the question of extras up to any of our 
operating departments, I believe we would be told that, in 
a great many cases, the extras we now print, and are sup- 
posed to get, do not compensate the mill for the additional 
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time, labor, care, reduced output, scrap loss, ete., that enter 
so largely into a strict compliance with many specifications 
that are presented to us. In the case of our own company, 
I know that our general superintendent would prefer to make, 
at all times, ordinary steel, as to both quality and section. 
And, as a matter of fact, his costs of operation are based 
upon what has been, and what can be, done with such 
tonnages. With the present-day necessities of the users— 
which mean a refinement of specifications both chemically 
and physically—it is a grave question whether any one 
of us is paid a price corresponding to the extra work that 
is entailed. 

The base price of various steel commodities has fluc- 
tuated within wide ranges in the past, but there has been 
little change in the extra list, and it may be that, in specific 
instances, a revision, as mentioned by Mr. Replogle, would 
be logical; but it is reasonable to suppose that should such 
a revision take place, the net result would not be downward. 


Costs Vary From Mitt to MILL. 


If certain inequalities exist today in the lists of extras 
issued by the various steel companies (and there is no deny- 
ing that such is the case), they are undoubtedly due to the 
individual interpretation of what the extra cost is to meet 
a specific requirement; and while such an extra might be 
deemed fair and reasonable by one mill, it might not be so 
considered by other mills. This troublesome condition can 
best be met by uniformity in the issuing and application 
of all extras; and this could be accomplished through the 
action of a committee, such as Mr. Replogle suggests. 

The custom of European steel manufacturers, so far . 
as it pertains to extras, is somewhat different from that 
of American mills. While they may lose their perspective 
so far as the base price goes, they look upon their extras 
with a jealous eye; and, if anything is to be taken out of the 
sale, it comes off the base price. They issue, also, very 
complete lists of differentials and extras covering not only 
- gizes and quality, but quantity differentials as well, so that 
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the buyer can tell just what his material will cost him on 
any individual specification. 


Prick CHANGES SHOULD AFFECT ONLY THE BASE. 


It is not a hardship for any of us to maintain full extras 
‘when our mills are operating to full capacity, but with lean 
order books, which mean reduced operations, there are those 
who are willing not only to change the base price but to 
attack extras also. In such moments of weakness a prece- 
dent is established which it is extremely difficult to shift 
from our shoulders at some future time. 

The quoting of a specific price does not set a precedent; 
it is simply the mill’s tender for that individual order. But 
this is not true with extras. They represent a trade con- 
vention based upon experience. And if the buyer is once 
given a concession on extras, he quite naturally expects 
the same consideration another time, although the base 
price may be considerably lower. 

The interpretation of extras, as applied by the commer- 
cial departments of practically all steel companies at times, 
should not be accepted as a final conclusion as to their 
necessity or right to exist; although the buyer might readily 
come to such an unfortunate conclusion when established 
extras are made a vehicle to secure an attractive tonnage 
or to tamper with a base price that has been, over a period, 
fair and reasonable. 

I think the fact is admitted by all, that salesmen, under 
commercial stress, sometimes concede a part (if not the 
whole) of an extra which it has taken the operating depart- 
ment years to approximate in its costs. 

This subject of extras is such a broad and comprehensive 
one that no paper can do it full justice within reasonable 
time limits. But it is such a necessary detail to the commer- 
cial end of the steel business that it calls for the most 
earnest and intelligent effort upon the part of those whose 
duty and privilege it is to administer it. 

In closing, permit me to say that all of us issue lists of 
extras, more or less uniform, in which we believe. But if 
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it can be shown that such lists contain extras that are not 
fair and just and cannot be defended upon that basis, then 
we should follow the example of the ancients in their domestic 
relations, and destroy such weak members, leaving us with 
a strong and healthy extra list which can and will be 
respected. 


EVENING SESSION 


OctoBER 24, 1913. 


During the banquet the orchestra in the gallery furnished 
music. At frequent intervals thé orchestra played popular 
songs, the words of which were sung by the.Institute mem- 
bers with spirit and skill. Conversation was animated and 
_ good fellowship prevailed. Honorable Elbert H. Gary, 
President of the Institute, was toastmaster. When the 
time came for the speaking program, the laughing “‘ boys”’ 
immediately became serious-minded men. The promptness 
and completeness with which the members responded to 
Judge Gary’s request for order was to every one a source 
of pride and pleasure. 


PRESIDENT GaRyY: It is quite noticeable that after. 
a somewhat noisy period, showing the friendly feeling 
among all those. here, you are sufficiently interested in 
the subjects which are to be discussed and in the objects 
of this meeting to immediately change to perfect silence. — 
This disposition speaks a great deal in your favor, gentle- 
men. It shows a sincere and deep interest in the work 
of the Institute. 

May I ask you to continue this quiet, so that all who 
are present on this occasion may have the pleasure of 
listening to what shall be said. There are a good many 
people here and it would not be at all unnatural if there 
should be some talking or whispering in some parts of the 
room which might interfere with the convenience and 
comfort of the speakers; but I know you well enough to 
conclude that it is only necessary to make the suggestion 
that perfect order be observed. 

First on the program is an address by Mr. Theodore W. 
Robinson, First Vice-President of the Illinois Steel Company, 
who will speak on the subject of Vocational HKducation. 


THE NEED OF VOCATIONAL EDUCATION. 


THEODORE W. ROBINSON, 
First Vice-Presidefit, Illinois Steel Company, Chicago, III. 


. Mr. President, Members of the Institute: I sincerely 
trust that the diagnosis made by Judge Gary of the cause 
of your present quietude is correct, namely, interest in the 
subject of the evening. But, all levity aside, we are all 
interested in the subject of education. 

I think possibly, if we are honest with ourselves, we must 
admit that our interest is perhaps of an academic rather 
than of a really active nature. But, be that as it may, the 
purpose of the paper this evening will have been accom- 
plished if it may even to a slight extent help demonstrate 
the necessity of introducing vocational education in our 
public school system. 

In the development of civilization the result of all change 
has been for ultimate progress. ‘The world has grown better, 
but change has often meant temporary retrogression, in 
times past even to the destruction of the highest exponents 
of civilization. We are now in a period of marked transition. 
History records no other such wonderful development 
as that of the United States. No people have ever been 
so well fed, so well housed, nor have enjoyed such high 
social standards. No other era is comparable to ours in 
the production of wealth and no country has seen such a 
rapid accumulation of riches. Yet our institutions and our 
methods, by which so much has been accomplished, are 
being questioned and attacked. Public opinion is demand- 
ing a new social order. Insistence upon change is deep- 
seated and extends much farther than mere political expedi- 
ency. Change, it is true, is the law of human nature, but 
why the present wide-spread unrest? What are its 
manifestations, its causes, its remedy? These are matters 
of concern that are pressing upon US. We have been 
rapidly making history of late, and this nation, whose birth 
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in the family of nations is as of yesterday, is still an experi- 
ment in self-government. 


Some CHANGES OF A GENERATION. 


Our population to-day is three times what it was fifty 
years ago, and in that period our wealth has increased 
nine-fold. There has been unprecedented industrial expan- 
sion. The cost of the necessities of life has largely increased. 
The growth of our farms has not kept pace with the growth 
of our cities. Our standards of life have been wonderfully 
altered. Our food products of late have relatively and actu- 
ally decreased in quantity, but have enormously increased 
in value. Aggregation of capital has reached unparal- 
leled proportions; and our labor, with shorter working hours, 
is receiving higher wages than ever before. These are some 
of the changes of a generation. But in our public schools, 
the very basis of our modern civilization, there has been but 
relatively little change. It would be hackneyed to say that 
our greatest institution is our public school were it not that 
ignorance on the one hand and indifference on the other, 
cause that fact to be too often forgotten. 

Our most important industry is the dissemination of 
knowledge to our youth; and whether the intelligence of 
American manhood and womanhood is to be high or low, 
whether efficiency on the farm and in the factory is to be 
increased or decreased, depend directly upon the strength 
of our educational system. The character of-a nation is 
the composite character of the individuals making up that 
nation, just as the wealth of a nation is the aggregate of the 
wealth of its individual inhabitants. Anything, therefore, 
that makes for the moral and mental elevation and the 
increased efficiency of our people, makes for the moral and 
industrial superiority of our country. Only by combining 
a high type of citizenship with material welfare may we 
hope to command the contentment that makes for orderly 
progress, and only by proper education may we expect 
to insure these essentials. What then is our educational 
system, what is its strength, wherein lies its weakness? 
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Our System or EDUCATION. 


The school system of the United States consists essen- 
tially of a kindergarten period, usually of two years, eight 
grades of elementary school with a period of eight years, a 
high school period of four years and a college or professional 
school period of four years. Graduation from the high 
school admits to the academic colleges and to most of the 
schools of law, medicine, engineering, agriculture, architec- 
ture, dentistry and pharmacy, whether in State-supported 
universities or in privately endowed institutions, such as 
Harvard and Yale. Under most of our State laws education 
is compulsory from the age of six to fourteen years inclu- 
sive. Nevertheless, of our population of ten years of age 
or over there were, according to our last census, five and a 
half millions who were illiterate. The number of pupils 
enrolled in our public and private schools and colleges in 
1910, not including special educational institutions, aggre- 
gated over twenty millions or 21.3 per cent. of our total 
population. Our public schools represent an investment of 
one and a quarter billion dollars and it costs four hundred 
and fifty million dollars a year to operate them. 

For the promotion of intellectual culture and for profes- 
sional training, our educational system is unexcelled. Our 
grade schools and our high schools afford a satisfactory prep- 
aration for higher education. But higher education is for 
the few. Of all persons under process of education in 1910, 
there were 92.36 per cent. in our elementary grades, 5.98 
per cent. in our high schodls and other secondary insti- 
tutions of learning, and only 1.66 per cent. in our universities, 
colleges, and professional schools. This terrific educational 
mortality is emphasized by the fact that 80 per cent. of all 
our children leave school at fourteen years of age or earlier. 
These figures plainly prove that the education of the vast 
majority of our boys and girls is confined to the elementary 
school where, with but few exceptions, they find little that 
is applicable to their life’s work beyond a primary training 
in reading, writing and arithmetic. 
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Tue NEED OF VOCATIONAL SCHOOLS. 


A generation ago our schools were much better adapted 
to meet the requirements of the community than they are at 
the present day. While then, as now, the grammar school led 
to the college or professional career through the high school 
or academy, and elementary training was largely based on 
the cultural needs of those destined for higher education, the 
conditions and the environment were nevertheless quite 
different. Life was then comparatively a rural existence. 
Specialization of labor and the modern demands of industry 


were largely unknown. The apprenticeship system, now © 


largely obsolete, afforded a satisfactory opening to an indus- 
trial career, and the office was an efficient threshold to a 
commercial future. The demands of industry were early 
responsible for the establishment of the scientific school, 
and such institutions as the Massachusetts Institute of 
Technology, Van Rensselaer, Stevens and others of a similar 
type are institutions of higher education. Later the man- 


ual training school was inaugurated; and while much was - 


anticipated from the innovation, it has proved of little value 
beyond its cultural worth. 

As the importance of readjusting our educational 
methods became more apparent, the necessity of a vocational 
training that should provide practical instruction in agri- 
culture, commerce, industry and the art of home-making 
became better appreciated. The National Society for 
the Promotion of Industrial Education has conducted an 
active and effective propaganda. The Ameri¢an Federation 
of Labor and the National Society of Manufacturers have 
investigated and endorsed the movement. There is legis- 
lation pending before Congress providing for national grants 
of money to states which shall establish vocational schools. 
Legislation has been enacted in Massachusetts, Wisconsin, 
Indiana and several other states. Some work has been done 
by private initiative, and E. G. Cooley’s report on Voca- 
tional Education in Europe, compiled and published under 
the auspices of the Commercial Club of Chicago, is one of 
the most valued contributions on the subject. 


~~ se 
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The general plan of vocational education is to add schools 
to our public school system which shall be designed with a 
special view of meeting the occupational needs of the com- 
munity in which they may be located. As is the case with 
the high school, they should be supplementary to the present 
grade schools. They should be open to both sexes and should 
provide instruction both to those who could devote their time 
to continuous study and to those who, while at work, could 
devote a few hours a week to special courses. Part time 
attendance should be compulsory for all children under 
sixteen or eighteen years of age who are not in other forms of 
school. 


WHat GERMANY Is DOING. 


There is perhaps no greater object lesson of the possi- 
bilities of vocational training than the phenomenal indus- 
trial advance of Germany during the last generation. With 
but seven per cent. of our land area, and with a population 
thirty per cent. smaller than our own, Germany’s imports 
and exports of merchandise in 1910 not only exceeded those 
of the United States, but surpassed those of all the other 
nations of the world excepting only the United Kingdom. 
This has been accomplished primarily because forty years 
ago German statesmen were sufficiently farsighted and pro- 
gressive to inaugurate the comprehensive system of voca- 
tional education, by which the German youth acquire a 
better training for their life’s work than the youth of any 
other nation. In Germany to-day education is a public 
duty in which both statesmen and men of affairs actively 
concern themselves. But interest in vocational education 
is by no means confined to Germany. England, Scotland, 
France, Austria, Switzerland, Norway, Sweden and Den- 
mark have all made rapid strides toward remodeling their 
educational methods and facilities. Perhaps Scotland and 
Switzerland, after Germany, have done the most effective 
work in this regard, and in England a great impetus has 
‘een given to the movement by the personal interest evinced 
by Lord Haldane, Lord Chancellor of Great Britain. 
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Tue Unrrep States BACKWARD IN VOCATIONAL 
EDUCATION. 


~ The United States, of all great nations, is the most 
deficient in caring for the vocational education of its people. 
Our great educational problem is how to extend the educa- 
tion of the ninety per cent. of the children who are in the 
grade schools and how best to provide for them a training for 
civic and industrial intelligence. This is a fundamental 
question deeply involving our national life. 

Fifty years ago we were torn by a struggle of sectional 
differences. We now have entered a struggle of factional 
differences which the ballot must decide. The problems 
that followed our civil war were pre-eminently economic 
problems directly or indirectly dealing with the development 
of our natural resources. The development of our agricul- 
tural and mineral lands, the opening of waterways, the build- 
ing of railroads, the replacement of manual by machine labor, 
the extension of the factory system were all developments of 


farm, transportation and manufacture involved in the pro- 


duction of wealth. Our important problems to-day, how- 
ever, are largely questions of supervision and regulation and 
the division of industrial reward rather than the promotion 


of industry itself. They are still economic questions, but 


they deal with the distribution of wealth rather than with 
the production of wealth. People are discontented not so 
much because there is a lack of opportunity for individual 
effort as because the natural tendency to question the 
division of the product of industry is being aggravated by 
the increased cost of living. Example is a force that goes 
far toward inducing poverty to vie with opulence. Because 
no people of any land have ever enjoyed such prosperity as 
we enjoy, minimizes but little the contrast between those 
_ of modest circumstance and those of superlative fortune. 
Fortunately, we have no such vested rights as exist in 
some of the older countries to help temper public sentiment 
by traditional class distinction. We have our classes of 
society—and there always will be classes with lines of de- 
marcation more or less indefinite—but we have no class 
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into which any one of our citizens may not enter provided 
he possesses the necessary intelligence and economic quali- 
fications. From dependence to self-support, from poverty 
to riches, are steps to which we in this country put up no 
legal or social barrier. 


IMMIGRATION. 


A grave and increasing responsibility is placed upon our 
educational system by the large immigration that we are 
receiving from foreign countries. An analysis of our popula- 
tion shows that it is approximately made up of 89 per cent. 
of the white and 11 per cent. of the negro races, and that only 
54 per cent. of our whole population is of native parentage. 
During the last ten years there has been an average yearly 
influx of nearly a million aliens. These people represent a 
most valuable asset in our material growth, but in their 
proper amalgamation lies that great question of citizenship 
upon which the future of this country so largely depends. 
These embryonic citizens are not, as formerly, representatives 
of the hardy Anglo-Saxon races of the North. It is the Poles, 
the Slavs and the Latin people with whom we now have to 
deal. While they are capable of high character and efficiency, 
the problem of education and amalgamation in their case is 
fraught with greater difficulty than if they were racially 
more closely allied to our ancestry. 

The sentiment of a people is more or less reflected by their 
political affiliations and activities, For a generation we 
have had two dominant political parties in. this country. 
Overnight, as it were, a third party sprung into existence, 
and over four millions of our citizens followed its standard. 
It is not pertinent to discuss here what may or may not have 
caused such an unusual political departure, or whether the 
principles enunciated by the new party are new or old, de- 
sirable or undesirable. The fact is given as evidence that 
there is an extensive desire for change which neither the in- 
fluence of personal magnetism nor the possible dereliction 
of party duty can explain. Further evidence is found in the 
rapid growth of socialism, 
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SocIALISM. 


In 1912 the Socialist Party polled in this country more 


than twice as many votes as it did in 1908. Twenty years 
ago the Socialist Party cast 21,000 votes. Last year they 
polled nearly 900,000 votes. The growth and purpose of 
socialism abroad is largely due to conditions peculiar to the 
old world. The purpose of socialism in this country is re- 
corded in their late party platform which ends as follows: 
‘‘Such measures of relief as we may be able to force from 
capitalism are but a preparation of the workers to seize the 
~ whole power of government, in order that they may thereby 
lay hold of the whole system of socialized industry and thus 
come to their rightful inheritance.” 

The menace of socialism can be minimized by a vocational 
training which will increase the intelligence and future earn- 
ing power of our children. It is not difficult to inculcate the 
fundamental principles of industrial economics in an elemen- 
tary way, and it does not require a mature mind to compre- 
hend that the source of all wealth is the soil, that wealth 


can only be produced by the joint effort of capital and labor, — 


that there always will be differences in individual character 
and ability, and that no social plan can be maintained which 
goes contrary to these basic truths. 


SOCIAL AND INDUSTRIAL CHANGES. 


If public opinion is to be directed through constructive 
channels, it must be in part by promoting a wider knowledge 
of the economic and industrial changes that have been tak- 
ing place and by commanding a better appreciation of their 
influence upon society. “In the last few years there has been 
a striking change in our rural and urban population. From 
1900 to 1910 the population of the United States increased 
21 per cent. During this period the rural communities 
gained 11.2 per cent. and the urban 34.8 per cent. As an 
economic and social necessity, it behooves us to increase, 
wherever possible, the interest of our people in our farms. 
How much we have relatively fallen behind in our agricul- 
tural life is partially shown by the fact that we should now 
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have two and a half millions more people engaged in farming 
had the number that were so engaged thirty years ago been 
proportionately maintained. While from 1900 to 1910 our 
population increased 21 per cent., during the same period 
the number of our farms increased but 10.9 per cent., our 
total farm acreage increased 4.8 per cent., and the increase 
of our crop production was in volume only 10 per cent. 
In the last five years the number of sheep in this country has 
actually decreased more than three millions and the number 
of cattle has decreased more than fifteen millions. As a 
natural sequence, the value of our food products and the 
value of our farm lands have greatly increased. 

Much of the soil of Europe which has been under culti- 
vation for centuries, is producing by methods of intensive 
farming more than double the amount that our compara- 
tively virgin soil is producing. For the period 1903 to 1912 
the average yield of wheat per acre in the United States was 
14.1 bushels as compared with 30.1 bushels in Germany and 
31.7 bushels in the United Kingdom. 

These facts have an important bearing upon the necessity 
of providing vocational schools in the agricultural districts 
which shall be supplemental to the present country schools 
and which shall be equipped for practical instruction in such 
elements of scientific farming as fertilization, rotation of 
crops, drainage and breeding. If we are to extend our rapid- 
ly approaching limit of agricultural home maintenance, we 
must dignify agricultural labor and make it more produc- 
tive. 


Our ForREIGN COMMERCE. 


The social character of a community in all ages has been 
profoundly influenced by the degree of its material pros- 
perity. The prosperity of this country is bound to be in- 
fluenced to an accelerated degree by the extent of its foreign 
commerce. The share which manufactures form in our 
exports and which manufactured materials form in our im- 
ports has largely increased during recent years. The total 
value of our exported manufactures increased in round 
figures from $122,000,000 in 1880 to $1,020,000,000 in 1912. 
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On the other hand, the total value of foodstuffs exported in 
1912, amounting to $419,000,000, was actually $41,000,000 
less than the value of foodstuffs exported in 1880. Perhaps 
more impressive are the figures showing the change in per- 
centage which foodstuffs and manufactures, respectively, 
bear to our total exports. From 1880 to 1912 our foodstuffs 
fell from 55.77 per cent. of our total exports to 19.29 per cent. 
In the same period our manufactures increased from 14.78 
per cent. of our total exports to 47.02 per cent. 

This great change in the character of our export trade 
reflects our rapidly changing industrial conditions. If we 
are to continue to successfully compete in the markets of 
the world and still maintain the American standard of wages 
in the face of the low wages of foreign countries, we shall not 
only need a comprehensive system of industrial education, 
but shall also require the economies which are possible only 
through the concentration of business. How much the latter 
has already influenced our foreign trade is partially exempli- 
fied by the increase in our exports of iron and steel. In 1890 
the value of our iron and steel exports was $25,000,000; 
in 1912 their value was over $250,000,000. 

But concentration of business is being attacked as mono- 
polistic. Those who fear the danger of monopoly should re- 
member that business concentration is an important factor 
in modern industrial development, and that monopoly is 
but a preventable perversion of its great power for social 
progress. Between the evils of monopoly on the one hand 
and the waste of unrestricted competition on the other, 
there is a zone for concentration and co-operation that should 
be within the law. Concentration of business through large 
corporations, with its resulting increase in efficiency and the 
elimination of waste, is an economic necessity which can no 
more be successfully replaced by small units of activity than 
can the power loom of the factory be successfully replaced by 
the hand loom of the home. 

If we are to properly build up our commerce, we must 
better develop our latent industrial possibilities. There 
are today hundreds of thousands of children between fourteen 
and sixteen years of age who, for want of proper educational 
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incentive and opportunity, are either idle or without fixed 
employment. A system of education which would provide 
for these children in our commercial and industrial centers 
an opportunity for instruction in drawing, accounting, dress- 
making, millinery, stenography and trade activities would 
go far toward decreasing the number of our social derelicts. 


Hiau Cost or Livina. 


The method of living of our so-called plain people is on a 
much higher plane than has existed in any other nation or in 
this country at any other time. We properly have been con- 
cerned of late with the rapid increase in the cost of living. 
The movement is world-wide, but perhaps its influence upon 
existing social conditions is nowhere so strongly emphasized 
as in this country. Although the results of our high cost of 
living are largely social in their effect, the causes are prin- 
cipally economic in their character. 

That the high cost of living is due to the cost of high living 
is an aphorism that represents but a partial truth. Our 
people, it is true, live on a much more extravagant scale 
than ever before; but it is also true that food, raiment and ' 
habitation cost much more than heretofore. Any intelligent 
discussion, therefore, of the reasons leading to the increased 
cost of our manner of living must: take into consideration 
two factors: First, the increased cost of necessities; second, 
the increased cost of luxuries. It is obvious that the causes 
leading to the increased cost of our necessities are many and 
complex. There are, however, two basic causes for their 
increased cost: First, the decrease in the number of men 
engaged in producing our necessities from the soil in propor- 
tion to our total inhabitants; second, the cumulative effect 
of increased wages throughout the country. 

With equal efficiency, no standard of living made possible 
by the wealth produced by ten hours of labor in the factory 
or on the farm could be maintained with fewer hours, unless 

‘wages or the value of the product be increased. As a nation 
we are proportionately working fewer hours than ever before, 
and we have a greater number of the inefficient and the idle 
in our midst. Between 1900 and 1910 the average price of 
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land increased from $15.57 per acre to $34.40 per acre. The 
result of proportionately fewer men working shorter hours 
with more valuable land has been an increased cost for which 
labor-saving devices have not compensated. These are the 
underlying economic conditions which, through the natural 
law of supply and demand, are responsible for the increased 
cost of the necessities of life. 

The other and perhaps more influential factor in our high 
cost of living is the increased cost of luxury. The demand 
for luxury is a manifestation of prosperity and is bred from 


an innate desire for comfort, power and prestige. It is both ~ 


material and psychological in its character, and is an ever- 
expanding force in our modern civilization with which the 


sociologist and the economist must frankly deal. It has put . 


a strain upon our whole social and industrial fabric that 
would have been deemed impossible a generation ago. Can 
any one rightfully question the vital bearing that education 
has on these matters or doubt the necessity of obtaining 
greater agricultural and industrial power through a compre- 
hensive system of vocational training? 

The nation’s welfare can be maintained only by increas- 
ing the productiveness of its labor and by judiciously direct- 
ing it in reproductive channels. Labor expended in the fields 
or in the manufacture, transportation or distribution of the 
necessities of life is reproductive. But labor expended in the 
production of luxuries is principally lost in an economic 
sense. 

Our latest large industry, the manufacture of the auto- 
mobile, is more or less illustrative of this point. According 
to an investigation made by the Automobile Magazine, 
there were in this country at the beginning of 1913 over 
1,000,000 registered machines, less than 55,000 of which 
were commercial cars. Last year we produced 37 8,261 cars, 
with a sale value of $542,500,000. On the basis of the aver- 
age value of last year’s output, the value of all the cars 
registered in this country would be approximately one 
and a half billion dollars. If we assume that $500 per car 
per year approximately represents the cost for maintenance 
and operation, it appears that it costs $500,000,000 annually 
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to operate these machines. This is more money than is 
spent each year in operating the entire public school system 
of the United States. These figures are startling, especially 
when we learn that only six per cent. of all these cars are for 
industrial use, and ninety-four per cent. are essentially de- 
voted to purposes 6f recreation. 

In the development of the commercial car, however, 
the automobile industry is destined to be the source of 
great reproductive activity and hence an important agent in 
the future production of wealth, although its result thus far 
is largely represented by the opportunity it affords for 
luxurious recreation. Reasonable recreation and reasonable 
luxury are essential for the best ethical development, but the 
price has to be paid, and the bill is found in our high cost of 
living. 


CONCLUSION. 


It is evident that we are passing through momentous 
changes. The decline of agriculture and the growth of 
industrialism, the increased cost of living and the change in 
our methods of living are some of the causes that have pro- 
duced the present widespread demand for a new social order. 
We are facing many serious economic and industrial prob- 
lems, the proper solution of which is important to the capital- 
ist and vital to the wage-earner. If we are to have orderly 
progress, we must command a high standard of national 
character and intelligence, and this means a better and more 
universal education. 

The educational problem that faces this country to-day is 
not primarily a schoolteacher’s problem. Rather does it 
demand the initiative and co-operation of the earnest, in- 
telligent layman. If our schools are to be truly democratic, 
if the needs of our modern life are to be properly reflected 
in the education of our boys and girls, our men of business 
and our men of labor must more thoroughly recognize their 
educational obligations. 

Vocational education is not a passing social expedient, 
but one of our most far-reaching national questions. It means 
not only greater industrial efficiency, but also increased 
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economic truth, morality and civic duty. It is not a ques- 
tion for coming generations alone. Every year more than a 
million of our youths attain their majority, and the children 
of fourteen years, with whom we are especially concerned, 
will within seven years come into their political rights. Our 
nation is one of political freedom and very rapidly our people 
are coming to better appreciate the extent of their sovereign 
power. Let us remember that what our laws and institu- 
tions shall be must depend upon the will of the people, and 
this will depend largely upon the character of their educa- 
tion. 

You, gentlemen of the Iron and Steel Institute, are essen- 
tially interested in the industrial questions of this country; 
but back of our industrial questions lie our political, ethical 
and social questions; and underlying all—and greater than 
all—are our educational questions. If you believe that we 
are in the midst of a far-reaching change, if you believe that 
this transition is fraught with grave importance to you, your 
children and your institutions, if you believe that only by 
sane thinking, sober judgment and trained intelligence can — 
the dangers of ignorance, intemperate speech and class 
legislation be avoided, then it behooves you to use your in- 
fluence toward providing better educational facilities for the 
people. While every true American must have faith in 
the ultimate satisfactory adjustment of our difficulties, the 
situation demands more than optimistic indifference or 
laisser-faire consideration. Once let the business men of 
this country properly awaken to the needs and possibilities 
of a school reformation and contribute a portion of the time 
and money now spent in trying to forestall socialism and 
vicious legislation, and there will be much less socialism and 
vicious legislation to fight. In the best interests of both 
labor and capital, and as a matter of patriotism, civic duty 
and business sagacity, it should be a privilege for every in- 
telligent man—whether he be rich or poor—to take an 


active part in improving America’s greatest institution, the 
public school. 
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The hearty applause which greeted Mr. Robinson’s 
address having subsided, President oad in introducing 
the next speaker, said: 

PRESIDENT Gary: Most people know a good thing when 
they see it. The steel people know a good thing when they 
hear it. (Renewed applause.) 

We shall now have a discussion of this topic by Mr. 
Stephen W. Tener, Manager Accident and Pension Depart- 
ment, American Steel and Wire Company. (Applause.) 


THE NEED OF VOCATIONAL EDUCATION. 


STEPHEN W. TENER, 


Manager, Accident and Pension Department, American Steel and Wire 
Company, Cleveland, Ohio. 


The statistical information in Mr. Robinson’s very 
scholarly paper indicates a great amount of research work 
on the part of the author. The paper will be a splendid 
addition to the annals of the Institute and should receive 
our unanimous indorsement. What I have to say will be 
along the line of suggestion rather than discussion. 

I pick from Mr. Robinson’s excellent paper a state- 
ment which when it is printed should appear in upper case 
type, viz.: ‘Our most important industry is the dissemi- 
_ nation of knowledge to our youth.” And with this should 
appear with equal emphasis his further statement that ‘‘80 
per cent. of all our children leave school at 14 years of 
age or earlier.” And again: ‘The educational problem 
that faces this country to-day is not primarily a school — 
teacher’s problem. Rather it is work for the earnest, intel- 
ligent layman to undertake.’ To his statement concerning 
the vocational schools in-Germany I will add between quota- 
tion marks the following epitome of the German plan: 

“At ten or twelve every boy must choose, according to 
his means and aptitudes, between the preparation offered 
by classical, semi-classical, liberal, technical, commercial or 
trade schools, or enter a shop with the privilege of going to 
improvement schools. His life is thus given its permanent 
direction.”’ 

Certain it is that our high schools and colleges do not 
pay enough attention to the bent, the natural desires, the 
predilections of the students, compelling them to take 
instruction in courses that will avail them little or nothing 
when they enter public or business life. 


CHANGES IN AMERICAN INDUSTRY. 


The advent of big business and corporate management 
brought to an end the dominating influence of the owner 
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or proprietor which held sway during the days of simple 
partnerships. The management of a large manufacturing 
establishment is now vested in a board of directors, headed 
‘by a president, and perhaps a chairman of the board, while 
a large corps of lieutenants complete the organization. Obvi- 
ously this army of lieutenants holding responsible positions 
should be very carefully chosen with due regard to their fit- 
ness for the particular work assigned them and always having 
in mind that executives and administrators must be recruited 
from their ranks. Those in authority have constantly 
before them the matter of filling vacancies, of choosing 
foremen, superintendents, department or district managers, 
etc. What material has the managing officer from which 
to choose? The reorganization of our educational system 
with the inauguration of vocational schools will help swell 
the ranks of eligibles; but in the meantime what is the situa- 
tion and what can be done to improve the material at hand? 


CoLLEGE MEN AND SPECIALISTS. 


President Lowell, of Harvard University, says in sub- 
stance that that university is turning out specialists of the 
highest degree and not administrators, and in one of his 
books he points out the need of both experts and laymen 
as follows: 

““As scientific and technical knowledge increase, as the 
relations of life become more complex, there is an ever 
growing need of men of special training in every depart- 
ment of human activity. Any work, therefore, carried on 
at the present day without the assistance of experts is 
certain to be more or less inefficient. But on the other 
hand, experts acting alone tend to take disproportionate 
views, and to get more or less out of touch with the common 
sense of the rest of the world. They are apt to exaggerate 
the importance of technical questions as compared with 
others of a more general nature—a tendency which leads 
either to hobbies or, where the organism is less vigorous, 
to officialism and red tape. In order, therefore, to produce 
really good results, and avoid the dangers of inefficiency 
on the one hand and of bureaucracy on the other, it is neces- 
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sary to have in any administration a proper combination of 
experts and men of the world.” 

Experience has clearly proved beyond peradventure 
that if college men, inclusive of the highly trained special- 
— ists, aspire to positions of authority it is absolutely essen- 
tial for them to begin their business life at the bottom of 
the ladder, augmenting their scholastic knowledge with that 
which is practical. For example, a man may know a lake 
steamer from stem to stern, from keel to truck; he may have 
a thorough mastery of the laws and rules of navigation and 
the hydrography of the lakes from Buffalo to Duluth, yet 
it is utterly impossible for him to obtain even second mate’s 
papers without first having had at least three years’ sailing 
experience, beginning usually in the capacity of deck hand 
or watchman. The college man for the most part has 
obtained his education from printer’s ink; he has been 
buried between the covers of a book. He is apt to have a 
false idea of his superiority; his horizon is contracted, and 
his grasp of the commercial side is but slight. And it should 
be noted with emphasis that no college can specialize to the. 
refinement of meeting every employer’s particular and 
peculiar wish and requirement, much less can it supply 
practical experience. 


Toe Main Factor IN MANUFACTURING. 


The first requisite of ultimate success is ability to handle 
men, and no university can add to its curriculum the all- 
important practical study of human nature and the human 
element, without a mastery of which an executive will not 
measure up to all that-is expected of him. This feature is 
admirably summed up in a paper from the pen of M. W. 
Alexander, of the General Electric Company, as follows: 

‘“‘Only extended experience in practical work in which 
time and money play leading parts can instill a proper con- 
ception of these values. It is natural, therefore, that col- 
leges leave to subsequent practical life the young man’s 
development along these lines. Similarly no amount of the 
study of political economy at college alone can give the 
student a true perspective of the relations of employer to 
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employee and of the new economic and sociological phases 
that prove more and more perplexing in our complicated 
industrial system; a thorough knowledge and appreciation 
of these forces, however, are to-day considered essential for 
those who are called to positions of responsibility in the 
executive and adntinistrative departments of industrial life.” 

The University of Cincinnati, which now alternates six 
months of shop work with six months of class-room instruc- 
tion, thus giving its graduates four full years of college and 
four years of practical experience, may have hit upon a 
happy solution. 

_ Some men are peculiarly fitted for work of a very special 
nature, but these men are not usually of the type that makes 
good handlers of men in the mass. If college men were told 
upon graduation that it would be absolutely necessary for 
them to become freshmen again when entering business life, I 
fear that the matriculating room of our universities would 
show a decreased attendance. As has been well said: 
“The great raw material with which the managers, superin- 
tendents and presidents are dealing is man, and this raw 
material receives not a single hour of study at our uni- 
versities.”’ 

I note some employers seeking college graduates exclude 
the honor men and others express a preference for those 
who were obliged to work their way through college. 
Another does not want them till they have been out of 
college at least two years, when they will have learned 
something about life and what the world is. The young 
man of seventeen, beginning a business career with perhaps 
only a common school education, has the advantage of from 
six to eight years’ experience over the college graduate, and 
it seems to me there is as much necessity for the college man 
to make good this experience loss as there is for the man 
lacking in scholastic attainment to obtain a technical 
training. 

The college man, if he has made the proper use of his 
opportunities, begins his career with a keen, analytical mind, 
and what is more important, he has mastered or should have 
mastered language, without which continuity of thought and 
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ability to express thought intelligently are not possible. 
Therefore he will work faster and rise more quickly than his 
neighbor who lacks a thorough academic education. 


Tur Boy FROM THE PUBLIC SCHOOL. 


Knowledge is power, and up to a certain point the 
college man is in possession of this great power; but the 
supply of college men who have enriched their scholastic 
training with practical experience is extremely limited. 
For the bulk of our superintendents, department managers 
and executives we must turn to the rank and file; to Mr. 
Robinson’s 80 per cent.; to the boys who began their busi- 
ness career between the ages of fourteen and eighteen, who, 
while the college men are still at their text-books, are storing 
up a wealth of empiric or incidental education gained from 
observation and association in the hard school of experi- 
ence, grappling with the duties and problems of daily life 
—men who have the quality of stick-to-it-iveness; men who 
have been thrown in and ‘“‘roughed it”? with their fellow 
man; who have gone through the overall, dinner-bucket — 
period; who have studied mankind; have observed the 
whims, caprices, associations, idiosyncrasies, predilections, 
methods of thought and expression of their fellow-workmen. 
In my own intimate experience with matters relating to 
accident prevention and safety-first work, I have found 
that a superintendent who has risen from the ranks is more 
to be depended upon than the superintendent who has. 
never been a foreman or held a subordinate position in the 
works. The latter has to have accident hazards pointed 
out to him; the former recognizes them at a glance. 


TRAINING COURSES AT THE WoRKsS. 


A vital question confronting manufacturers to-day is 
how shall the personnel of the working forces be brought 
to a higher standard and their efficiency improved? Dp- 
to-date operating practice, saving of waste, the handling 
of complicated machinery and processes, by-products, ete., 
all act as an impelling force to improve the quality of 
employees along both technical and practical lines. Tech- 
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nical high schools and vocational schools will solve this 
question to a limited extent, but we cannot wait for the 
development of these schools. It seems to me that we 
ought now, without any delay, to establish training courses 
or developing schools right within the confines of our 
factory walls. This is no new idea, as such schools are 
already in vogue in shops where intricate electrical machin- 
ery and scientific instruments are produced. But the idea 
should be taken up and put into effect in blast furnaces, 
steel works, and on down the line to the finished product. 
Employers should get in close touch with technical schools 
and academic high schools as well. Encourage these stu- 
dents in the expectancy of receiving employment in the 
mills and shops. Even promise them employment. 

Training courses for salesmen are being resorted to more 
and more and I have observed superintendents of blast fur- 
naces and steel works taking a salesman’s course with the 
idea of picking up information that will in brief broaden 
their views. Salesmen are now being taken from their regu- 
lar duties for several weeks in the year and introduced to 
the details of mill and factory management, the production 
of goods and to a limited extent to plant construction. 
Lectures are given in chemistry, smelting, steel making in 
all its branches to the finished product, accounting, welfare 
work, transportation, credit, collections and claims, and. 
the routine of the order department. Examinations both 
oral and written are held and merit marks given on such 
characteristics as enthusiasm, energy, ambition, thorough- 
ness, personality, approach, general knowledge, general 
ability. Note the absence of anything technical. 


Aut Cuasses EviGgiIBLeE TO Works TRAINING. 


Such training classes should be extended to all branches 
of an establishment and, as no person is ever too old to 
learn, should take in superintendents and assistant super- 
intendents and others holding positions of responsibility, 
including the foremen. Add to these, boys taken from 
the technical and academic high schools as well as boys 
from the ranks of those mentioned by Mr. Robinson who 
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are obliged to enter business life on reaching the age of four- 
teen, not forgetting the college graduate and even those 


who have specialized along technical lines. Select men care- 


fully, quickly eliminating those not worth while. Mix them 
together, let all sorts and conditions of men, matured and 
youthful, register in these classes, separating them into 
groups as the occasion and the results hoped for will war- 
rant. The college man and others whose education has 
been advanced will be all the better for a rubbing with 
those beneath them scholastically; and the young men 
and advanced foremen will learn much from the adapta- 
bility and readiness of the college men. Let the steel works 
be a crucible or melting pot for the human element as well 
as for the base metal. Teach in a simple manner the 
fundamentals of mechanics and factory management and 
the laws of physics. Develop character and _ initiative; 
encourage ambition; interchange ideas; inaugurate round 
table talks. Let superintendents be teachers along the lines 
familiar to them and at the same time students of other 


essentials of which they are ignorant. Teach them that- 


the brain should be a sample room, not a store room, and 
let the college men appreciate the fact that the greatest 
study of mankind is man. 


The details of class organization and conduct need not 


be discussed at this time as with employers it will be a 
case of every man according to his needs. Training classes 
of this character ought to develop into good common sense, 
practical vocational schools, providing a supply of trained 


men to meet any call, any emergency, and ultimately many 


of them will become possessed of what President Lowell 
Says 1s the most valuable art in life, “‘to know how far the 
opinion of an expert must. be followed and how far it may 
be overruled; to know what is really general policy and what 
is mere detail.” 


Mucu Spent ror Piant, Lirrue ror TRAINING Men. 


Every ambitious man sincerely desires to secure an edu-° 


cation and when we are dealing with an educated man we 
care not by what means, through what channels, his educa- 


wetirs fad 
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tion was secured. A diploma is only a bit of illuminated 
paper. To be eligible to membership in a university club 
is not necessarily an asset. Emerson says: “If a man can 
write a better book, preach a better sermon or make a better 
mousetrap than his neighbor, though he build his house in 
the woods, the world will make a beaten path to his door.” 
And the essayist might well have added that the world will 
display little interest concerning the source of knowledge 
which enabled the man to do these things. 

We spend money with lavish hand, millions of dollars 
every year, to improve our physical properties, both build- 
ings and machinery, to reduce cost and improve the quality 
of our products, and to increase the output, but very little— 
indeed, from a comparative standpoint, nothing at all—is 
spent to improve the human element in the shops and mills, 
to advance the efficiency, to raise to a higher standard the 
personnel of our working forces. Let us spend money as 
freely in this equally important work and begin at once. 


ADDENDUM. 


Since writing this paper there has fallen into my hands 
a copy of the annual report of the Director of Printing 
at Manila, P. I., for the year ended June 30, 1913. Em- 
bodied in it as an appendix I find a remarkably compre- 
hensive and interesting article on vocational training as 
applied to printing and book-making, from which I take 
the following: 

‘As a trainer of men, the printing office easily leads all 
other mechanical sciences or vocations. Coming in contact 
as he does with the results of nearly every form of mental 
and industrial activity, the printer absorbs mathematics, 
mechanics, language, spelling, grammar, color and com- 
position, and acquires a general education in contempora- 
neous events. 

In addition to graduating competent craftsmen, this 
system offers student-apprentices an opportunity to equip 
themselves for positions requiring administrative and execu- 
tive ability. 

It is apparent, therefore, that the most practicable 
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manner in which to carry on vocational education is through 
the medium of the productive establishment. 

This system of training is commercially practicable 
in that it may be introduced into a manufacturing plant of 
any kind without perceptible change in its regular routine.” 

To anyone especially interested in vocational training I 
recommend a perusal of this report. 


IMPROMPTU ADDRESSES IN RESPONSE TO 
THE CALL OF JUDGE GARY 


PRESIDENT Gary: Gentlemen, you are to have the pleas- 
ure of listening to remarks by a few impromptu speakers. 
They need no special introduction because you know them 
well; you know the high positions they have reached in 
the business and financial world. Indeed, they need no 
introduction. I will say only this of them: They have been 
selected because of various and frequent requests coming 
from different people to induce these gentlemen to speak 
this evening. 

As usual, they have with few exceptions been given no 
opportunity to prepare. The committee, whose rules are 
inexorable, have during the meal quietly said to these gentle- 
men that they have been drafted; and no opportunity has 
been given them to refuse. (Laughter.) But I think I am 
justified in saying they are quite willing to speak to you 
under these circumstances, because they know they will be 
talking to an appreciative and intelligent audience. 

First of all, as you would know probably without my 
suggesting it, we will call upon our old, true and tried friend, 
Uncle Joseph G. Butler, Jr. (Applause.) 


Mr. Josepn G. Butuer, Jr.: Several of my gentlemen 
friends, and a few of my lady friends (laughter), asked me 
if I was to talk to-night. I said, ‘‘Certainly not—unless 
the judge calls on me.” (Renewed laughter.) 

I am surprised at being called upon. Not having been 
previously notified, I supposed that I would on this occasion 
be overlooked. In fact, I had some little talk to that effect 
with Mr. McCleary this morning. I think the mistake I 
made was in not-talking to the Judge himself. (Renewed 
laughter.) 

However, we are here, and we are glad to be here. Iam 
going to repeat a remark that I made at the annual meeting. 
It occasions me great pleasure to see so many intelligent 
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young men members of this organization. You must re- 
member that you are to take the places of us old fellows at 
some time. 

I want further to give it as my opinion that there is no 
body of a thousand people on the face of the globe having 
a brain power that exceeds the gray matter in the heads of 
the people belonging to this institution. (Applause.) 

While I am on my feet I wish also to thank a great 
majority of the members of the American Iron and Steel 
Institute for their contributions to the McKinley National 
Memorial. (Applause.) In response to the numerous 
stamped envelopes that I sent out (renewed laughter), 
the contributions are coming in; and since I have reduced 
the limit to five dollars (laughter) and there is no ante 
at all (renewed laughter), they are coming in rapidly. I 
sent out a letter about two weeks ago and the responses 
began coming in at the rate of fifteen or twenty-five a day. 
They are very gratifying, some of them with beautifully 
written letters. And I wish to say to you, in addition, that 
we have now secured the amount that we originally intended 
to ask for, one hundred thousand dollars. But, we can do 
very much better with more money. (Laughter.) I have 
a promise from some good citizens, who have the matter 
under advisement, of some more large contributions; and I 
think when we get through we will have something for the 
birthplace of one of the greatest statesmen this country has 
ever produced that the whole country will be proud of —some- 
thing different from the ordinary monument that is erected. 
It will be educational. However, most of you have heard 
me talk about it before, so I will not say anything more 
regarding it at this time. 

Now, these other distinguished gentlemen who have 
been officially notified that they are to be heard, I know 
are anxious to get to work. But an after-dinner address 
without telling at least one story would not be complete ; 
and I am going, therefore, to tell you one on myself. I 
know it will get out. Campbell here will tell it if I don’t. 
It happened within a week. 

You will remember that about a week.ago the two 
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great oceans were united by an electric button that Pres- 
ident Wilson pushed—and he is pushing some other things 
that I wish he, would let up on. (Laughter.) He pushed 
this button and united, when it is fully opened, what will 
be the gateway to the whole universe, I suppose—the Panama 
Canal. The mayor of our city came to me (I happen to be 
president of the Chamber of Commerce) and said: ‘‘We 
ought to recognize this event in some way.” This was about 
twelve o’clock and the button was to be pushed at two 
o’clock. (Laughter.) I said: ‘‘I cannot think of any way 
of recognizing it unless we telephone around to the different 
works and get them to blow their whistles and ring their 
bells and that sort of thing.’ ‘So he did that. The biggest 
noise was made, as it frequently is, in Brier Hill. (Laugh- 
ter.) The whistles were blown, bells were rung, and so 
long and loud that half the population of Brier Hill thought 
there had been an accident. So they ran out pellmell, 
looked around, made inquiries, but could not find that any- 
thing had occurred. An old lady living in Brier Hill has a 
daughter who is in the telephone exchange at Youngstown. 
This noise had finally gotten down there, and the girl tele- 
phoned up to her mother to know what it all meant, saying 
to her mother that she thought there had been an accident. 
“Oh, no,’”’ said the old lady, ‘‘no, there has nothing hap- 
pened,” adding: ‘I think Mr. Butler is dead.” (Laughter 
and applause.) 


Presipent Gary: Mr. John A. Topping. (Applause.) 


Mr. Joun A. Toppina: Mr. Chairman, ladies and 
gentlemen: I do not know why I was selected or drafted 
to attempt an address unless it was that after calling on the 
gentleman who preceded me—who I might say represents 
the finished product—it was your thought that I would be - 
a fairly good sample of the raw product. (Laughter.) 

Mr. Butler has talked about the McKinley Memorial and 
President Wilson’s push buttons, and we have heard a good 
deal about vocational education, but the thing that most 
concerns us is the effect that the buttons he referred to that 
the President is pushing will have upon business. 
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In this connection I am reminded of an incident I read 
the other day of a rather precocious small boy who was riding 
on a railroad train. As the conductor came through the 
ear and asked for his fare, the boy handed him a half-rate 
ticket. The conductor looked at him and said: ‘Here, 
this is only a half-rate ticket. You look too old to ride on a 
ticket of that kind.” “Well,” he:replied, “you know I 
worry a good deal and perhaps that’s why I look old.’ 
(Laughter.) Judging by some things I have seen, I am afraid 
that possibly some of us here are worrying a good deal over 
the buttons that are being pushed. (Applause.) 

Personally, being of a hopeful disposition, I take rather 
an optimistic view of the outlook. I think while we have 
something ahead of us that may cause us a temporary worry, 
yet if we take full account of all conditions we should feel 
encouraged for the reason pointed out in the remarks of our 
president this morning. Of course, there will be some ad- 
justment to make later on. 

I do not worry, however, so much about the Extras that 


were discussed this morning as about the Base. (Laughter.) — 


Heretofore, we have used Pittsburgh as a base. Iam not so 
sure but that hereafter we may have to consider Antwerp’s 
influence on the base, with some modifications for freight 
inland. I thank you: (Applause.) 


PresipENT Gary: Mr. Willis L. King. (Applause.) 


Mr. Wiis L. Kine: I am glad of the opportunity, Mr, 
Chairman, to say a few words to this distinguished com- 
pany. My mind has been so much occupied to-day with 
the Institute and the great work it is to do that I would 
like to talk briefly about it. 

It was my privilege to be one of its charter members and 
I know that it was conceived in a lofty purpose to make it 
a great and lasting benefit not only to the iron and steel 
industry and its collateral branches, but as well to all other 
business interests of the country. The motto on the great 
seal of the Institute, “Right makes might,’’ tells in three 
words what sort of a foundation has been laid ; and upon 


my: 
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such a foundation we have every reason to expect a sub- 
stantial and honorable structure. 

After having heard the admirable papers read to-day 
and at previous meetings, and with a knowledge of what 
has been accomplished for the safety and betterment of a 
great army of workingmen, the officers of the Institute have 
every reason to feel gratified. 

But no country can stand without the support of its 
people and neither can this Institute live and prosper with- 
out the loyal and active co-operation of its membership, 
the bone and sinew and red blood of the organization. I 
therefore make this appeal for your support. Give to it of 
your friendship, that greatest of assets. Give to it of your 
experience and expert knowledge; and I can then promise 
that it will become that great power for good which it was 
intended to be and ought to be. I can well believe that at 
some future day this Institute will have a home of its own, 
in enduring steel and granite, where future generations will 
carry on the work when we have laid it down. And it is 
my hope that they will say of us that we did what we could 
in our day and generation and that we builded better than 
we knew. I thank you. (Applause.) 


PRESIDENT Gary: Mr. William A. Rogers. (Applause.) 


Mr. Witu1am A. Rogers: Mr. Chairman and gentle- 
men: It was an ancient old-world custom to bring a death’s 
head to every feast. I suppose the chairman had that in 
mind when he called in to this evening of hilarity remarks 
from a person whose present attention was supposed to be 
focused upon the merchant blast furnace industry in this 
country. (Laughter.) For—what with over-production, 
the railroads having taken to the woods, disquieting legisla- 
tion, the tariff and the currency question—this industry, if 
not completely dead, is certainly in a state of suspended 
animation. (Laughter and applause.) 

For one, however, I echo the optimistic views expressed 
by our distinguished president in his fine address this morn- 
ing. Our country is going forward at a tremendous pace 
and the business which is taking care of the wants of this 
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population is advancing with rapid strides. It is only a 
question of when the turn may come, for a momentum is 
gathering which will sweep aside all of these disabilities. 
To-day I heard that the tonnage from the Lake Superior 
district for this year would be approximately fifty million 
tons of iron ore. That in itself marks an immense volume 
of business. 

When it comes to the things that are disquieting i in the 
present situation, we have recently had an example of the 
old adage that most of our troubles never happen, for we 
have met the tariff and, so far as we now see, it is ours. 
(Renewed laughter and applause.) 

The present situation and the effect of the tariff is well 
illustrated by the experience of a man in the ore regions of 
the northwest who, crossing a field in the dark, fell into a 
test pit which was improperly guarded by the overlying 
rails. In his descent he caught on a timber, and hanging 
there cried lustily and desperately for help and made 
desperate efforts to pull himself up and get out. All with- 
out avail, however, and finally when his strength was com- — 
pletely exhausted and he felt he could hold on no longer, he 
consigned his soul-and body to the Almighty, let go—and 
dropped six inches. (Laughter and applause.) I think » 
we can expect possibly just as little jar from the result of 
the currency bill. With these things out of the way we 
may remove the death’s head and go forward to greater 
achievements than ever before. (Applause.) 


PresipeENT Gary: That story really applies to Mr. 
Rogers himself. When he was drafted this evening, he 
begged for mercy, but the committee let him drop. You 
see he dropped into a great success. ‘(Laughter.) Mr. 
Charles M. Schwab. (Prolonged applause.) 


Mr. CHartes M. Scuwas: A Jewish gentleman was 
very sick, and while he liked his money very much he felt 
he had to have a physician. He wanted a good doctor and 
so he said to a friend of his who he knew had such a doctor, 
“What does that doctor charge?” ‘‘Well,” he said, “he 
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charges fifteen dollars for the first visit and two dollars for 
each subsequent visit.”” When the Jewish gentleman called 
on the doctor he cheerily said, ‘‘ Well, doctor, here I am 
again.” (Laughter.) 

I thought I was going to be let off for once. I-begged of 
the judge and the other gentlemen not to require me to 
inflict upon you the old witticisms that have lived with me 
since our last meeting. (Renewed laughter.) 

I got off the steamer just the other morning and thought 
it was not possible for me to make the train out to attend 
this delightful Institute meeting, but some of my friends 
met me at the steamer and said, ‘‘Come on now; jump on 
the train and go out.” I replied, ‘‘I cannot do it, boys. I 
am just home from Europe and I must see my wife and 
explain all about it.” ‘Oh, your wife knows you,” they 
said. ‘‘Yes, I am afraid she does,” said I. (Laughter.) 
And speaking of her and seeing her there in the gallery, I 
shall make a public explanation. All of you know how 
much easier it is to explain publicly than privately. (Laugh- 
ter.) It is of an experience that I had in Paris during my 
last visit. We rolled into Paris by automobile late in the 
afternoon. We were going to sail the next morning and 
Mrs. Schwab said to me, ‘“‘Now I am not going to dress or 
do anything to-night. You do as you like.” A dangerous 
thing to say in Paris. (Laughter.) I met a friend and said 
to him, ‘‘What can we do?” “Well,” he said, ‘‘about the 
only good thing I know of in Paris to-night is a prize fight.” 
““Well,” said I, “we will go.” We did go, and when I got 
home to New York a week after, I learned that some corre- 
spondent had sent a letter to one of the papers saying 
that Mr. and Mrs. Schwab had been in Paris but a day 
and had gone nowhere but to this prize fight. (Laughter.) 

Thinking I would have some fun with her, I said to a 
friend at dinner that evening, ‘‘You say to Mrs. Schwab 
that you read in the newspapers that she was at a prize 
fight.” So, when the opportune moment came, ny friend 
said to her, ‘‘I see by the papers you were at a prize fight 
last week in Paris.” ‘‘Yes,” she said, ‘‘I read that in the 
morning paper myself, and I have been wondering ever 
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since who the woman was that’ Mr. Schwab took there.” 
(Prolonged laughter.) 

When I came back to America I seemed to have dropped 
into a field of pessimism and I seemed to have created some 
pessimism. But matters were not quite so bad as I thought. 
When I came out here I found lots of my old friends that 
were not quite as enthusiastic as I expected they would be. 
When I get in that mood I love to retire to my own room, 
quietly, alone, and throw myself down and dream day 
dreams, dreams of the things I should like to see come. 
Often such dreams give as much pleasure as the realities. 

This afternoon, after a long night’s journey upon the 
train, after a strenuous day of intellectual work listening to 
these delightful papers, I went up to my room about five 
o’clock and threw myself down on the couch and I had some 
dreams. These are some of the things that I dreamed 
about: 

The first man that crossed my dreaming vision was that 
man whom every man in the Iron and Steel Institute loves 
to honor and call his friend, our good and portly friend, 
Willis L. King. (Laughter.) While Uncle Joe Butler never 
made a speech that he did not speak of the McKinley 


Memorial, I do not think I ever addressed this audience 


without saying something about Willis King. My dream of 
him made me very happy, because for the first time in my 
life I saw him pass through the aisle of a sleeping car like 
any other man, and not sideways. (Renewed laughter.) 
Willis had grown to such slender proportions as hardly to 
be recognized. I did not want my dream to go beyond that. 
I wanted to remember Willis always as he had been, but it 
was a delightful day dream to think of him without the 
inconveniences he has suffered in all these years by reason 
of that portly, noble stature. (Renewed laughter.) 

And then, who should come along in my dream but Jim 
Campbell. Here came Jim, and I said to him, ‘‘Jim, what 
are you so worried about?” ‘Well, business is bad,” he 
replied. ‘‘Jim,’’ said I, “I heard a story about you that 
pleased me very much and perhaps it will cheer you up if I 
tell it to you.” ‘‘What was it?” he said. Well 7 
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replied, ‘‘I heard this story. Jim Campbell had a lot of 
traveling salesmen out on the road stirring up orders during 
this time when orders were so scarce, and he received a tele- 
gram from a little town in Mississippi one day reading: 
‘One of your salesmen dropped dead on the street here to-day. 
‘What shall we do with him?’ Jim replied: ‘ Look in his pock- 
ets and see if he has any orders.’”’ (Laughter.) And that 
was adream. (Renewed laughter.) 

And then who should I see but our good friend Perkins, 
who is sitting here smiling. He was carrying a banner on 
his shoulder, and a smile of satisfaction overspread his 
countenance. He did not say a word, but I read on the 
banner: “Enough of Progression forme. Back to the good 
old Republican Party.”’ (Prolonged laughter and cheering.) 
And, that was a dream. (Renewed laughter.) 

And then I saw the chairman of our Chicago committee 
that delightful little attenuated Buffington (laughter), and 
I thought of him grown cherub-like, that he had taken over 
to himself part of that corporosity which Willis had lost. 
(Renewed laughter.) Buffington was a delightful sight to 
see, and I thought of a story that I heard about Buffington 
that I must tell you. In his earlier days Buffington was 
just about as he is to-day. He had an office adjoining that 
of a doctor, and this doctor had in his office a skeleton. A 
newsboy used to come every morning to Buffington’s office, 
open the door unceremoniously and say: ‘‘Morning paper, 
morning paper.’ Buffington thought he would teach the 
boy to be a little more ceremonious in entering the office, 
so he got the doctor’s skeleton, put it in a chair, and when 
the newsboy opened the door, the boy saw this skeleton and 
bolted for the street as fast as he could go. When he got 
to the street, he stood there looking up at the window. 
Now, Buffington really wanted a morning newspaper, and 
so he called down to the boy, ‘‘Johnny, it’s all right, it’s all 
right, that was just the doctor’s skeleton.’”’ ‘‘ You can’t fool 
me,” cried Johnny, ‘‘you are the same fellow, only you have 
got your clothes on.” (Renewed laughter.) 

And then my friend Clarke came across my vision, and 
I said: ‘Clarke, what are you so worried about?” ‘‘ Well,” 


470 AMERICAN IRON AND STEEL INSTITUTE, OCTOBER MEETING 


he said, ‘‘you have heard that story about economy, and 
you have heard that story about the fellow who went to the 
doctor when he was very ill and the doctor said, ‘There is 
nothing wrong with you. All you have got to do is to cut 
out wine, women and song.’ Then a few days later the 
fellow went back to the doctor, and told the doctor that he 
was following his prescription and was better. The doctor 
asked him, ‘What did you do?’ ‘Oh,’ said he, ‘I stopped 
singing.’”” (Laughter.) Now our friend Clarke started at 
the other end of the line; he cut out wine. At a recent 
meeting of the directors he said, “‘Let us cut out wine and 
make the fellows pay for it themselves (laughter), and then 
we will have less of hilarity”; and, gentlemen, I want you 
to notice what effect that wonderful conception had upon 
this meeting here this evening. (Renewed laughter.) If 
Clarke had the right to propose that wine be cut out, I have 
the right to propose that song be cut out, and I leave it to 
the convention to decide about the balance. (Laughter.) 

Then I had another vision, and this time I saw our 
distinguished chairman. I saw him presiding at a meet-— 
ing that was made up of the jolliest, the most intellectual, 
the most progressive men in the United States—the men 
that lead the greatest industry in the United States and 
lead it ably and lead the world in their industry; and this 
great convention that he presided over numbered nearly five 
hundred people. But, gentlemen, this was no dream ; this 
was a reality. I had awakened from the dream of pleasant 
memories and I had seen the reality before my eyes this 
afternoon; and no speaker could lose this opportunity of 
congratulating our chairman upon his conception of this 
Institute and his untiring effort to make it the great success 
that it has been and is. Gentlemen, all honor to Judge 
Gary for his wonderful success in the development of this 
Institute and the meetings which give us such pleasure to 
attend. (Prolonged applause.) 

Many years ago when I was president of the Carnegie 
Company, one of our partners complained because every 
Saturday afternoon I gathered about me all the super- 
intendents and all the heads of the various departments 
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and we had a very jolly luncheon, and business was not 
mentioned during that luncheon. We had an uproarious 
and a jolly time. One of our partners, as I say, complained 
to Mr. Carnegie, and said: ‘‘That is not the dignified nor 
the proper way to conduct a business.’’ Mr. Carnegie sent 
me a picture called ‘‘The Laughing Monk,” and with the 
picture a letter saying: ‘‘Put this in your board room and 
every time you have serious business to consider and every 
time you grow serious and morose yourself, look at that 
jolly monk and always remember that good work, good busi- 
ness and good development are accomplished only in a good 
humor.” 

That is the way we have felt this evening, and as long as 
the people enter into the good humored spirit of these meet- 
ings as you gentlemen have entered into it this evening, we 
may look for ultimate permanent and great success. I 
thank you. (Applause.) 


Presrmpent Gary: Mr. George W. Perkins. (Prolonged 
applause.) 


Mr. Grorce W. Perkins: Judge Gary, and Gentlemen 
of the Institute: In this day when so many guardians of 
the public weal are looking for the man higher up, I am - 
sure you are all glad that we can turn around this evening 
(most of you have to turn around, although we at the speak- 
ers’ table are not so unfortunate), and find that the ladies 
are with us, higher up. (Laughter and applause.) 

I had no idea when I came to the dinner that I was to be 
asked to speak and so I will speak only briefly. I count it a 
great honor for any man to have the privilege of speaking to 
a gathering of this kind, even if he is unprepared. I have 
been thinking as I sat here of the significance of a meeting of 
this kind. What a contrast it is, and what a contrast the 
two papers we have listened to this evening are, to any 
political conference held nowadays in this country, and the 
quality of utterance had at any such conference. The deep 
thought, the breadth of vision, the absolute justice and fair- 
ness of the paper by Mr. Robinson and the discussion that 


/ 
% 


472 AMERICAN IRON AND .TEEL INSTITUTE, OCTOBER MEETING 


followed, you will find hard to match in any political gather- 
ing today. 

Statesmanship is a lost art at the moment in this coun- 
try. We have politicians, but I do not believe there is a 
man in this room who could write down the names of half a 
dozen men in any or all parties that he would be willing to 
stand for as statesmen in the good old-fashioned sense of the 
word. 

These two papers are most interesting to me and they 
strike at much of the difficulty that is confronting us in the 
problems we have to solve. To my mind, the educational 
question is at the root of much of the difficulty in the solving 
of these problems. Since 1776, we have spent in this country 
approximately as much money on our educational plants as 
we have on our railroads. We do not think much of a rail- 
road if it does not pay a dividend and pay that dividend 
in cash. Now our educational plants were largely estab- 
lished, especially the private ones in our universities, by very 
large contributions from men who have made their money 
in railroads. We are getting now the dividends from those 
educational plants; and we are getting the only kind of divi- 
dends it is possible to get, namely, minds that are trained 
to think more intelligently and more independently. Yet, 
much of the complaint of the existing condition of the public 
mind comes from the very men who have given such large 
funds to these educational plants. They either should not 
have given this money or else, having given it, they should be 
proud of the fact that they are getting results from their 
investment, and fall in line with the trend of public events. 

The relation that has gradually developed between capi- 
tal and labor we can trace to our broad system of education. 
The first expression or term which described the relation- 
ship between capital and labor was “owner and slave.” 
Then it was ‘master and man.” Now it is ‘“‘employer and 
employee.” We are moving on to a more co-operative 
condition of affairs; and all the laws that men can pass 
will not stop the trend of events. We can be certain of 
that. 


The fact was mentioned to-night that the President, 
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by pushing a button a few days ago, blew up that great dam 
at Panama, hundreds and hundreds of miles away. When 
I read that, I said to myself, ‘‘I wonder if the President 
realizes the significance of that simple touch of one finger 
to alittle button.” It is the same kind of a touch to the same 
kind of a button that has brought the industrial world so 
close together and makes it imperative that co-operative 
methods in business take the place of ruthless competitive 
methods. We have long been told in this country that the 
tariff made, fostered and maintained the trusts and had a 
great deal to do with the high cost of living. I, for one, 
do not believe that. 

In California last winter, where I spoke before the Los 
Angeles Chamber of Commerce on the tariff and the trusts, I 
took a very decided position against that theory. The news- 
papers criticised me rather severely, one of them in particu- 
lar. I went around the next day and called on the editor. 
When I walked into his room, he seemed a little nervous. 
I jokingly told him to calm himself, as I was unarmed. I said, 
“T have come in to ask you two questions. You are evi- 
dently a Democrat and your party is going into power day 
after to-morrow. My first question is: ‘Do you honestly 
believe that, if within six hours after your Congress con- 
venes it wipes the tariff out altogether and puts this country 
on a free trade basis, a single so-called trust would dis- 
solve the next morning?’ And my second question is: 
‘Leaving the tariff alone, if the morning after your party 
goes into power that which we know as electricity was with- 
drawn from man’s use, and the telephone and telegraph 
were silent and useless, could a so-called centralized industry 
do any business the next day?’”’ (Applause.) It isimproved 
imtercommunication and not the tariff that has made and 
above all maintains the so-called trusts. 

Now, when the President pushed that button, he did 
exactly what any man of business can do anywhere in the 
world to-day. Any man, whether he be in a small business 
or a large business, can push a button to-day and blow up 
any business situation anywhere in the world. His power 
to bring about intolerable conditions is just as great as that, 
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and unless we are willing to face the source which brings 
about these conditions, we are never going, with any tem- 
porary expedient, to eradicate them. 

Our so-called statesmen, without regard to party, are 
proceeding on the theory that they can legislate for us to-day 
by the things they have learned from the textbooks of yester- 
day, from what happened in our fathers’ and our forefathers’ 
day. But, gentlemen, you know that there never was a 
period in the history of the world when precedent méant so 
little as at the present time. It is impossible to lay down 
lines for business or social conduct based on anything known 
to the world before our time. 

There is only one thing that remains solid and perma- 
nent, and that is honest business methods. Experience has 
proved that it pays better to be fair than to be unfair. And 
that, gentlemen, is why the motto of this Institute, which 
has been referred to to-night, appealed to us all so vitally 
when it was first flung out in 1910 at the meeting here in 
Chicago at which so many foreign representatives of this 
great industry were present. 

Just one more thought—my hobby, in a way. We are 
getting to-day in the legislation of this country, in town, 


state and nation, just.about what we are entitled to. We 


have been so occupied with our business affairs that we have 
given no time to public affairs. (Applause.) 

I recently finished a thirty-five-hundred-mile automo- 
bile trip through England, Scotland and Wales. After we 
had been out a day, I said to my children, ‘‘ Now, let us count 
the new buildings that we have seen under construction in 
our thirty days of automobiling.” I suppose we saw five mil- 
lion homes in the countries traversed, but we saw only twelve 
new buildings under construction. As I looked over this Sep- 
tember BULLETIN of the Institute to-night [holding up a 
copy of the BuLLETIN] and saw the homes pictured here, 
I felt that I could truthfully say that out of the five million 
homes that we saw in the United Kingdom, a very small per- 
centage would compare at all favorably with the homes at 
these plants that you are in one way or another interested in, 
The United States of America may not be the Garden of 
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Eden, but it is a long way nearer it than the countries I 
visited this summer. 

In conclusion let me say this: I was born in this town 
and practically the only schooling I had was four years in the 


‘old grammar school on the West Side, the Brown School, 


which is still doing business. I remember that while I was 
going to that school I found somewhere in some magazine or 
paper three little verses which I regret that I did not commit 
tomemory. I carried them with me for many years, but lost 
them some years ago. The theme of those verses was honor 
the living, and they spoke of how easy and natural it was to 
refer to those who had gone and exalt the friends who had 
passed away, and how little we thought of the ones who were 
still with us. Two years ago a great gathering, somewhat 
similar to this, was held in Europe, and an American gentle- 
man was chosen to preside over that international gathering. 
He was chosen and honored notwithstanding the fact that 
only a few Americans interested in the great steel industry 
were there, while large numbers of European steel men were 
present. Immediately a cheap politician in Washington 
attacked that action, roundly criticising the proceeding, 
and tried to have an investigation of the affair. I thought 
at the time of how we were honoring our forefathers, con- 
stantly applauding their sturdy lives and their wonderful 
ability; and it seemed to me that if our forefathers could 
be brought back here, and told that in the greatest business of 
the country this incident had just happened; that one of their 
descendants had gone to the other side and had been chosen 
to preside over that great meeting of the greatest industry in 
the world, their first exclamation would be, ‘What a proud 
day this is, when one of our descendants is taking the first 
rank in this greatest industry in all the world!” (Applause.) 

And therefore, gentlemen, I ask you, before I sit down, 
to drink to the long life and good health of that man, our 
president, who is so dear to all our hearts; who has done so 
much for this industry and who, in doing it, has done so much 
for his country. Let us drink to the man who, in my judg- 
ment, is the ideal business statesman of this country, Judge 


Gary. 
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(The toast was honored standing, amid enthusiastic 
applause.) 

PRESIDENT Gary: Mr. James A. Farrell. (Long con- 
tinued Applause.) 

Mr. James A. Farreti: Mr. President, Ladies and 
Gentlemen: 


The Committee on Arrangements having in charge the 


matter of securing papers for this meeting desires to express, 
on behalf of the officers and members of this Institute, their 
appreciation of the efficient and representative character 
of the papers contributed by the gentlemen you have heard 
present and discuss them to-day. The gathering of material 
for such papers of high character, wide range and value to 
the iron and steel industry is no easy task, but the great 
interest taken in their reading and discussion is indicative 
of their educational as well as their productive value. 

It is a pleasure to the committee and to your efficient 
secretary, Mr. McCleary, to have been able to provide a 
program of interest technically, commercially and ethically; 
and it is to be hoped that when members are too busy with 
the management of their business to give time to the prepara- 
tion of suitable papers, they will designate some person in 
their companies to do so, or at least to suggest a subject for a 
paper, and the committee will endeavor to secure the co- 
operation of members to prepare and discuss papers for future 
meetings dealing with the problems of the industry. 

The American Iron and Steel Institute now has over one 
thousand members, and its membership includes many of the 
leading men engaged in the industry. No especial effort has 
been made to extend its membership, other than to welcome 
those engaged in the industry who may desire to become 
affliated with it, and its numbers have been constantly 
augmented in a gratifying manner. It is a matter of con- 
gratulation to its officers and members that the Institute is 
composed of a class of men whose minds are open ‘to the 
lessons of the world’s progress in the manufacture of iron and 
steel. It is not by isolation, but rather through the inter- 
change of ideas respecting matters of common interest, look- 
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ing toward the increased efficiency of its productive estab- 
lishments—economically, commercially and industrially— 
that its members can hope to improve and maintain the 
position that their trade now occupies, the importance of 
which can hardly be overestimated, in the economical 
development of the country. 


GROUNDS FOR RATIONAL OPTIMISM. 


A word about business: The situation is one requiring 
patience, but’ it can hardly be said that all the pessimism 
being indulged in concerning business prospects is warranted. 
The iron and steel mills have been working to substantially 
their capacity for some months, and naturally a slowing 
down in production in the interim of assimilation is taking 
place. As is usual during any curtailment of buying, ex- 
aggerated reports are current as to prices. But adjustments 
in prices have not extended very far and are not expected to, 
since the cost of production applicable to manufacturing 
operations is not likely to undergo very much, if any, change. 
The mainstay of the situation continues to be the heavy 
tonnage which buyers are actually taking out, and the fact 
that the material ordered is apparently required for imme- 
diate use. As a matter of fact, while new buying is not in 
large volume, consumption seems to have undergone little, 
if any, diminution. Consumers’ stocks are generally de- 
pleted and are being steadily drawn upon, all of which augurs 
well for the future. Aside from these elements, the large 
increase during the past few years in the exports of manu- 
factured goods reflects an era of expansion in the foreign 
commerce of the country. This commerce is becoming more 
and more a factor of large importance in supplementing 
domestic demand and in stimulating efficiency in manu- 
facturing to cope with the problems presented in securing 
foreign trade. The total value of these exports represents 
a considerable proportion of our favorable balance of trade. 

Newspaper reports have made frequent mention of the 
probable effect of the new tariff on iron and steel products. 
The service and quality which our mills and plants can give, 
in comparison with that to be obtained from abroad, the 
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question of suitable shipment, credits, specifications and 
standards current in the United States, will undoubtedly 
have reasonable consideration in the minds of buyers. Rail- 
roads have not been buying equipment or track materials to 
any extent for several months; meanwhile an acute car short- 
age exists in many sections of the country. It may be a 
temporary condition, yet it has brought about the placing 
of orders for many cars and other equipment. With easier 
money conditions and the necessity of moving the products 
of the soil, mills and mines, a larger volume of buying of car 
materials, locomotives, rails and building materials gener- 
ally, is inevitable. A better tone already exists and signs 
are not wanting that, generally speaking, consumers are 


rapidly reaching the point when an increased volume of 


orders should be in evidence. 

Unless we are in error as to the signs of the times, we are 
not very far from a buying movement which should mark 
another era of activity in the iron and steel and allied in- 
dustries and contribute its share to prosperous business 
conditions throughout the country. 


PRESIDENT Gary: Before we adjourn, permit me to say to 
each of you that I wish you knew how much I appreciate your 
support, your confidence, and your friendship, and how much 
I desire your continued prosperity and happiness. 

Gentlemen, I would like to call your attention to the flags 
around on the balcony. They are the emblem of our coun- 
try and I would emphasize in your minds one thought: It 
is of little significance what political party occupies the seat 


of government. What should call for our consideration 


are the principles which are represented by, and the in- 
tentions which govern, those whose duty it is to ad- 
vance the interests of all the people. 

Under all circumstances, whatever happens, whatever 
in our daily business life may be displeasing, we should be 
loyal to the government. And so I Say to you, men of 
experience and education and high standing and independent 
influence, let us do everything in our power to carry on and 
uphold and enforce the principles which are calculated to 
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promote the welfare of all of the citizens of this great 
country. Loyalty to our country should be the watchword 
and should be carried forward as our standard in the part 
which we take in the work of this great nation. 

Again I thank you, gentlemen, for your presence at this 
meeting, for your enthusiasm, for the way you have taken 
hold of the work of this Institute; and I think I am justi- 
fied in saying what you have already accomplished speaks | 
for the Institute and its influence in the future more than. 
any of us present can fully realize. I bid you good night. 
(Prolonged applause.) 
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